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FOREWORD

This Final Progress Report for the "Bioresearch Module Design
Definition and Space Shuttle Vehicle Integration Study", NASA Contract
NAS2-6524, is provided in accordance with Article IV of the contract
schedule. The six-month period of performance of this contractual work
was 4 June 1971 through 4 December 1971. During this period two Design
Reviews were conducted, the first at the Grand Prairie, Texas facility of
Vought Missiles and Space Company, LTV Aerospace Corporation; the second
at the National Aeronautics and Space Administration, Ames Research Center,
Moffett Field, California. These reviews are reported in separate volumes:

"Bioresearch Module First Design Review," 26, 27 August 1971,
LTV/VMSC Report No. T146-2

"Bioresearch Module Second Design Review," 5 November 1971,
LTV/VMSC Report No. T146-3.

The material presented at the Design Reviews plus the'results of all
contractual studies are included in this Final Progress Report. The
report is submitted in two volumes:

Volume I - Basic Report
Volume II - Appendices

Cost analyses presented in Sections 4.6 and 4.7 of Volume I are
submitted as separate attachments.
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~ APPENDIX A
SUMMARY DESCRIPTION OF POWER SYSTEM.
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SUMMARY DESCRIPTION OF POWER SYSTEM

The following is a description and performance summary of
the electrical power subsystem of the Bioresearch Module spacecraft.

1.0 POWER SYSTEM

The subsystem is powered by a solar array-rechargeable
battery with series Pulse Width Modulated (PWM) charge control. Figure
A-1 is a block diagram of the power system for Missions I, I(S), and II.
The diagram for Mission III would differ in that the beacon and T/M
transmitter are replaced by a GRARR VHF transponder. The system employs
separate power converters for the experiments and the spacecraft systems.
A redundant power converter (spacecraft power) is included to supply
either or both if the respective converters fail. The use of the two
converters (memory and main experiment) allows a greater overall conver-
sion efficiency than would the use of one converter for both functions.
The efficiency increase stems from the higher tolerances on the experiment-
required voltages. Table A-1 summarizes experiment and data processing
conversion efficiencies and conversion techniques. The efficiencies
shown are based on average nominal loading.

Two T/M transmitters are used. One serves as a beacon and
the other, the transmitter. Each is the redundant of the other.

A-1
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PRECEDING PAGE BLANK NOT FILMED

2.0 POWER REQUIREMENTS

2.1 SPACECRAFT POWER REQUIREMENTS

The requirements for each mission are shown in Tables A-2
through A-5 with efficiencies included. The values under the column
Tabeled "continuous" are the standby power requirements of each component
that either must be energized continuously such as the memory or have a
100% duty cycle such as the spacecraft clock. The column labeled " A PWR"
is the increase in power by each component when in the "operate" mode.
The column labeled "duty cycle" contains the percent of mission time each
component is in the "operate" mode; e.g., the 15% duty cycle of the en-
 coder indicates that for each 96-minute orbit, the encoder will operate
for a total of 14.4 minutes. The column Tabeled "Avg. PWR" contains the
average power demand in watts of each component. The values are derived
as follows:

Avg. PWR = [Continuous Power + (DUt C C]e)(zSPwR)] watts
100%.

The total average spacecraft power demand for each mission is as follows:

I ' 16.7
I(s) 18.1
watts
Ir 14.3
III 31.0
The peak power of each mission is as follows:
I 68.53
I(S) - ' 140.73
watts
II 75.03
III 77.05

and is found by summing the "continuous" and " A PWR" columns.

It should be noted that an S-band transmitter requirement
was added to Mission I(S) to show that the system could handle a high
powered, low duty cycle component. With this addition, the APWR of
data processor increased from 3.50 to 4.00 watts. The S-band power
demand is carried throughout the analysis in Mission I(S) only.

A-5
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2.2 EXPERIMENT POWER REQUIREMENTS

Table A-6 shows the baseline and revised experiment power
requirements with efficiencies included.

2.3 POWER REQUIREMENTS OF SYSTEM

2.3.1 Experiment and Spacecraft Power. - Table A-7 shows the total
power required to operate the spacecraft and experiment for both the base-
line and revised power profiles.. These values are formed by summing the
mission by mission total average power given in Tables A-2 through A-5
with the corresponding experiment average in Table A-6; e.g., for

Mission I:

From Table A-2 16.7 watts
From Table A-6 87.1 watts
Baseline Avg. Pwr. 103.8 watts

(Incl. efficiency)

2.3.2 ~ Solar Array Power Demand. The Bioresearch Module uses a solar
array/rechargeable battery configuration in which the battery operates
the spacecraft when in the shadow of the earth; therefore, the array must
both power the module and supply enough energy to the battery for "night"
operation. Table A-8 shows the solar array demand for each mission. The
values for Missions I, I(S), and II are based on a 62% illuminated orbit
and for Mission III, a 96% illuminated orbit. Battery charge and dis-
charge efficiencies are included. The technique in deriving these values
is as follows:

Power Demanded = Avg. Pwe[1 + (E?;ﬁt)('Char‘z;g—ﬁ’??(ﬁfsch;.ﬁl'i??.)]

For Missions I, I(S) and II,

L}

Power Demanded = 1.807 Avg; Pwr. using 62% illuminated orbit.

For Mission III,

Power Demanded = 1.055 Avg. Pwr. using a 95% illuminated orbit.

Where the battery charge efficiency is 95% and dischafge efficiency is 80%.



TABLE A-6. - BASELINE AND REVISED EXPERIMENT POWER REQUIREMENTS

Baseline Experiment Power Requirements, A1l Missions

Required With Efficiency
27.5 +2.5 VDC 64 watts continuous
- 89 watts peak for 6 min/hr } 70 watts Avg.
+15 +2.5 VDC 3 watts continuous 3.6 watts
-15 +0.5 VDC 3 watts continuous 4.3 watts
+5 +0.02 VDC 7 watts continuous 9.2 watts
TOTAL 87.1 watts average (including efficiency)

Revised Experiment Power Requirements, Missions I, II, III

Required With Efficiency
27.5 +2.5 VDC 31 watts continuous ;}
‘ 111 watts peak for 3 min/hr 37 watts  Avg.
+15 +2.5 VDC 2 watts continuous 2.4 watts
-15 +0.5 VvDC 2 watts continuous 2.8 watts
+5 +0.02 VDC 5 watts continuous 6.6 watts
TOTAL 48.8 watts average (including efficiency)

Revised Experiment Power Requirements, Mission I(S)

Required With Efficiency
27.5 +2.5 VDC 20 watts continuous
45 watts peak for 2 min/orbit @22 Watts Avg.
150 watts peak for 15 sec/orbit
+15 +2.5 VDC ' 2 watts continuous 2.4 watts
-15 +0.5 VDC 2 watts continuous 2.8 watts
+5 +0.02 VDC 5 watts continuous 6.6 watts
TOTAL 33.8 watts average (including efficiency)
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3.0 SOLAR _ARRAY SIZING

The selection of solar cells was made in the Bioexplorer
study, Reference A-2, and the cells remain 2 x 2 cm, 12 mil N/P silicon
cells.

3.1 SOLAR ARRAY RADIATION ENVIRONMENT AND DEGRADATION

Fused silica cell covers of 25 mil thickness were selected
to achieve maximum mission versatility. Table A-9 -shows the expected
environment with these covers. The 12 mil cover is shown for comparison.

With the radiation environment defined, the radiation
degradation can be calculated by employing the following equation:

0=[§ @22

Where Q = power remaining

¢ = integrated partic]e’f]**

$bc = critical flux = 2 x 104 protons/cm

6 x 10 electrons/cm

The following results were obtained:
For Missions I, I(S), and II,

25 mil 6% degradation
12 mil 8%

For Mission III,

25 mil . 20%
12 mil . 31%

Unfortunately, radiation is not the only mechanism for degradation of the
cells. Other mechanisms include cell mismatch, string mismatch, physical
damage, cell cover impurities, and spacecraft alignment with respect to
the sun. It should be noted that, except for some cover discoloring and
radiation, these degradation factors occur on the ground ‘For the pur-
pose of analysis, all degradation except radiation is included in the
following sections. Table A-10 shows the expected degradation from these
factors and from radiation.

3.2 SOLAR ARRAY CONCEPTS AND REQUIREMENTS
The Bioresearch Module will use a body-mounted, fixed

array consisting of 120° segments wrapped around the spacecraft for
Missions II and III, and a combination of segments and deployable panels

A-13



TABLE A-9. - SOLAR CELL RADIATION ENVIRONMENT

Proton Cutoff

Electron Cutoff

Mission I, II

Mission III

25 Mil Cover
10 MeV
500 KeV

Particles During Mission Life

Protons/CM2

25 Mi1 12 Mil

9 9

3x10 4x10

6x10'0 2410

12 Mi1 Cover
6.6 MeV
320 KeV

Electrons/CM2

25 Mi1 12 Mil

11 12

5x10 2x10

12 13

5x10 10

TABLE A-10. - SOLAR CELL DEGRADATION

MECHANISM

1. Cell Mismatch

2. String Mismatch
*3. Cell Covers (25 Mil)
4. Spacecraft Alignment
5. Radiation (6 Mo.)

*Includes 2% Physical Damage

MISSIONS I & II

14
2%
6%
14

6%

16%

MISSION III
14
2%
6%
1%
20%
30%




for Missions I and I(S).

3.2.1 Mission Array Concepts. - Solar array considerations are as
follows:

Missions I and I(S). - Missions I and I(S) are non-spinning
spacecraft orientated such that the projection of the solar cells is
normal to the sun. Body-mounted solar arrays are constrained by both the
size and geometry of the vehicle. Since the experiment envelope is smaller
for Mission I than for Mission I(S), an analysis of Mission I will be used
for both I and I(S). By using the Mission I configuration, a guideline
for interchangeability is established.

Figure A-2 shows the general geometry of Mission I.
Figure A-2a shows the number of solar cells that can be placed on the
configuration versus the sector size in degrees. Each sector includes
the length of the spacecraft. For a 160° sector, approximately 5000
cells can be employed. The number of cells inciudes an 85% packing
efficiency. _

Figure A-2b illustrates the output in watts of a given
sector versus time in sunlight. The decay is caused by increased cell
temperature. The array output includes all degradation except the 6%
radiation shown in Table A-10.

Figure A-2c shows the beginning-of-life (BOL) average -
output of the array versus sector size. The 180° sector provides an
end-of-life (EOL) power of 178 watts (EOL power = BOL power x 0.94 =
189 x 0.94 = 178 watts). Since the baseline Mission I average power
demand is 187 watts, the fixed solar array has inadequate power. An
alternate array concept for Mission I and I(S) is shown on Figure A-3.
The array will consist of 120° segments. Two segments are used to form
a fold-out panel unit labeled D. Segments A, B, and C may be utilized.
The graph shows 277 watts average BOL output for all segments, and the
segment power output and number of cells is noted. A11 or any combina-
tion of the segments may be used as mission power requirements dictate.
This will be discussed in section 3.2.2. Figure A-4 illustrates pro-
posed panel deployment concepts.

Missions II and III. - For maximum versatility, the module
geometry is divided into three longitudinal segments - the experiment
bay, the equipment bay, and the lower unit. Each segment is divided into
three 120° sectors giving a total of nine separate solar cell panels
which can be added or removed as needed to supply the power reguired for
a given mission. Figure A-5 shows this concept for Mission II. This
configuration yields 218 watts average BOL with all degradation except
6% radiation included. Figure A-6 illustrates the sector-segment concept
for Mission III. Note that the average BOL power is 221 watts, slightly
higher than for Mission II with identical arrays. The difference is due
to a lower temperature profile for Mission III due to less heat input
from earth albedo.

A-15
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3.2.2. Mission Array Requirements. Having established solar array
possibilities and average power available, the next step is to select
array size to meet mission power requirements. Table A-8 lists the power
demanded by each mission for baseline and revised power profiles, and
Figures A-3, A-5, and A-6 define the total power available from the
candidate array. It is noted that not all the array area available is
necessary for Missions I and I(S). Figure A-7 gives the area or sectors
required by the Mission I and I(S) systems. For example, Mission I base-
line average power required is 187 watts. By employing sectors A and B
and fold-out panels D, the initial (BOL) power is 217 watts, and the
final (EOL) power is 204 watts (includes 6% radiation degradation). This
gives a 9% end-of-life (EOL) margin. Note that the revised power profile
permits elimination of fold-out panels.

In a similar manner, Figure A-8 shows the area required
and EOL margin for missions II and III. _ :
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PRECEDING PAGE BLANK NOT FILMED

4.0 BATTERY SIZING

As discussed in Reference A-2, the nickel-cadmium battery
is selected for the Bioresearch Module. Table A-11 jllustrates the
sizing of the 12 AH battery and compares jt with a 6 AH battery. The
latter has inadequate life for baseline requirements.
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5.0 COMPONENT SELECTION

There are three categories of electrical components on

the Bioresearch Module:
(1)
- (2)

(3)

were as follows:

(1)

(2)

(3)

(4)

An Off-the-shelf purchase item, or a GFE item.

A modified off-the-shelf purchase item, that is,
one that required modifications to meet Bio-
research Module requirements without having to
‘be requalified.

A new fabricated item. An item whose function
is unique to the Bioresearch Module such as the
Attitude Control Electronics package.

The requirements for selection of off-the-shelf components

Meet the functioral and physical requirements
of Bioresearch Module.

Where possible, qualified to the Bioresearch
Module environments. -

Where possible, previously flown on similar
craft with favorable histories.

Available at reasonable cost.

The following data was generated for each component:

(1)

(2)

(3)
(4)
(5)

Input power

(a) Voltage range and tolerance
(b) Current range and tolerance

Unit 1ifetime and specific limitations (Will
the unit operate for six months in space envir-
onment for a specified duty cycle?)
Availability, cost, and delivery time in 1973
Qualification status

Specific data unique to the particular component
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(6) General information
(a) History of past and current use
(b) General description
(c) Physical description

The components are Tisted in the following section.
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6.0 BIORESEARCH MODULE ELECTRICAL COMPONENTS

The components are listed in ‘item number order. Flight
hardware items are numbered on drawings, Figures 1 through 4, Volume I.

ITEM 2 ATTITUDE CONTROL ELECTRONICS

Mission I & I(S) Mission II Mission III
eMonitors 2 Sun eControl Booms on Cmd.
sensors, detects eProcesses signals from horizon sensors -
errors, energizes eActivates horizon sensors
thrustor through eCommanded from ground
valve amp. eMonitors the sun sensor
eMonitors rate sensors|eAmplifies signal to the six thrustors
e Cuts on/off integ. (valve amplifier)
gyros eMonitors rate sensors
eNo Gnd. Commands
Ref. A-2, Fig. 70, Ref. A-2, Fig. 71, p. 146
P. 140

The valve amplifier is an integral part of the ACE.

Duty Cycle: Continuous Operation (100%)

Input: 5.00 watts at 28 VDC (incl. eff.)

Qualification: VMSC's past experience on.SDP, ALVRJ, and Scout

A new fabricated item.

ITEM 5 THRUSTOR VALVE - Mission I and I(S)

2 Units on Bioresearch Mission I
Sterer P/N 29210, Sterer Engr. & Manuf. Co., Off-the-shelf.

Input: 23.4 ma at 28 VDC
6.55 Watts
Output: Each unit consists of 3 nozzles - A, B, & C

Nozzles A & C output thrust is -.028 +.001 1bs. each
Nozzles B output thrust is 0.05 +.0025 1bs.

Duty Cycle: Each thrustor will be operated 1 time.
Each minute for 30 millisec. duration.

Qualification: Similar to valves used on OAQ.

Availability: Will be available for fall, 1973.
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ITEM 5 THRUSTOR VALVE - Missions II & III

6 units on each Mission II and III

Sterer P/N 24060-1, Modified Off-the-shelf by reducing thrust from

2.5 1bf to 1.0 1bf.

Input: 34.5 watts at 28 VDC each.

Duty Cycle: Random 20 millisec pulses as required by vehicle. ( <<1%)

Qualification: Similar to valves used on OAO{

Availability: Will be available for fall, 1973.

ITEM 9 SUN SENSOR

2 sensor on Missions I & I(S), 1 sensor on Missions II & III
Bendix P/N 1771858, The Bendix Corp., Off-the-shelf.

Input: No auxiliary power is required for operation.
Output: ' 0-5 milliamps.
Duty Cycle: Continuous operation during illuminated periods of orbit.

Qualification: 1771858 and similar units are used on ATM

Availability: Will be available for fall, 1973.

ITEM 10  RATE 6YR® - A1l Missions

1 unit on each Bioresearch Mission

Northrop P/N 79157-350, 3 axis DC/DC standard rate
Sensor Assy. Off-the- she]f

Input: 15 watts max. at 28 *3 vDC.

Duty Cycle: The rate gyro package is activated on a low duty-cycle
' basis (Approx. 2%) to monitor body angular rates.

Qua]ificatibn: Meets Scout Launch Environment and Spacecraft environment.

Availability: Will be available for fall, 1973.
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ITEM 16  THERMAL CONTROL ELECTRONICS - A1l Missions

1) (Item 14) Thermistors about the cold plate - monitor cold plate temp.
and allow for select cold plate temperatures. (0ff-shelf)

2) "Set-point" Controller - Biases thermistors to any one of 16 discrete
cold plate temperatures. The controller receives signal from ground
for selection of temperature. (New fabrication)

3) Louver Control Electronics - Monitors thermistor output, when tempera-
ture changes the louver actuator is operated to either open or close
Touvers. (New fabrication) 2) and 3) are one unit.

4)  Louver Actuator - Clifton MSL-8-A-1 (0ff-the-shelf)

Duty Cycle: 1) & 3) 100% 4) Approx. 3 times per orbit.
b 2) 15% Louvers are normally closed.
Input: 700 Milliwatts at 15 VDC for system.

ITEM 18 - COMMAND RECEIVER/DEMODULATOR - Missions I & II

2 Units on each Mission I or II Module
SCI Electronics, SCI Proposal P70-1076, New Off-the-shelf

Input: 1.07 watts standby 28 VDC
2.29 watts operate 28 VDC

Duty Cycle: Two Interrogations per orbit.
_ (12% of the time)

Quatification: Qualified by comparison to existing similar units
built by SCI.

Availability: Will be available for fall, 1973.

Very similar to command receiver used on AN/ASW-25.

ITEM 19  COMMAND DECODER - Missions I & II & III

One unit on each Bioresearch Module.
AVCO AED 407 with PCM front end. Off-the-shelf.

Input: 250 milliwatts at 28 VDC standby
6 watts at 28 VDC operate

Duty Cycle: Two Interrogations per orbit.
12% of Time-Missions I & II.
3 6 minute interrogations per 24 hours for Mission III.
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Qualification: Unit qualified for use on Sert II and on Isis.
Availability: Will be available for fall, 1973.

The unit consists of 2 decoders in one package, each having 216 commands
capability.

ITEM 20 - PROGRAMMER CLOCK (A11 missions)

The unit consists of an 107 52 KHz oscillator and digital countdown cir-
cuitry and performs 4 functions:

1) Data encoder sequencing signals providing frame,
word, and bit control.

2) Time signals to the experiment of 10 minute and
1 hour intervals.

3) Spacecraft control pulses for stabilization timing
and other automatically timed functions.

4) Clock count accumulation for time tagging the stored
and real-time data samples.,

Duty Cycle: Continuous Operation (100%)
Input: 130 Milliwatts

A new fabricated item.

CLOCK OUTPUT

Major frame rate 1/minute
Minor frame rate 2/sec.
Data Encoder Word rate 240/sec
Bit rate 1680/sec.
Sequence logic for encoder

Ten minute control pulse

Experiment Hour pulses (48 discrete codes)
Half minute pulses

Accumulator Accumulator output

Spacecraft Transmitter Auto off (11 Min. lapse)

Timed Controls Stabilization time intervals

A-34



ITEM 21  SIGNAL CONDITIONER - A1l Missions

The conditioner will standardize all non-standard data voltages to a
compatible Tevel with the encoder. Also, isolation of data signals
will be provided to prevent external malfunctions from affecting the
primary subsystem operations. Sensor excitation will be provided with-
in this unit.

Input: 1.0 watt at 15 VDC.

Duty Cycle: Compatible with Encoder - 15%

A new fabricated item.

ITEM 22  ENCODER

1 unit on each Bioresearch Module
SCI Electronics, Inc., Model 680 PCM T/M system

Input: Missions I & II 8.16 watts max. @ 28 +4 VDC
Mission III 7.36 watts max. @ 28 +4 VDC

Duty Cycle: Missions I & IT  15% (14.4 min./orbit)
Mission III 15% (3.6 Hrs/24 Hrs.)

Qualification: This unit is a second generation and the preceding
unit (Model 650) was qualified by Sandia.

Availability: Will be available for Fall, 1973

Rémarks: Sandia used Model 650 on many flights;
EMR used 650 on Army AIDAS Program;
NASA Edwards has eight 680 systems.

ITEM 23  T/M TRANSMITTER AND BEACON - Missions I & I1

2 T/M transmitter-beacons on module
SCI P/N 1510100-1, SCI Electronics, Inc., Off-the-shelf.

Input: 25 ma at 28 VDC (700 milliwatts)
Qutput: 250 milliwatts, 136-137 MHz, .002% stability
Duty Cycle: One transmitter will serve as beacon at 136 MHz and
?s reierve T/M transmitter and will operate continuously
100% -

The other will serve as T/M transmitter at 137 MHz and
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Qualification:

Availability:

as reserve beacon. As T/M transmitter it will have a
12% duty cycle (two interrogations per orbit).

If either fails, the other will perform both duties.
By University of Iowa, 2nd quarter 1967.
Will be available for Fall, 1973

ITEM 24  DATA STORAGE

1 unit on each Bioresearch Module
Electronic Memories, Model SEMS-5L, Off-the-shelf.

Input:

Duty Cycle:
Qualification:

Availability:

0.15 watts standby Voltages: +15 +5% UDC
1.25 watts operate +5 +5% UDC
-5 +2% UDC

Any sequence.

15% of time (14.4 min/orbit) Missions I & II
15% of Time (3.6 Hrs/Day) Mission III

The SEMS-5L is the low standby power version of
the SEMS-5 used on RMS.

Will be available for Fall, 1973.

ITEM 40  INTEGRATING RATE GYROS - Mission I & I(S)

2 units on each Mission I and I(S)
Honeywell P/N GG1101, Off-the-shelf.

Input:
Duty Cycle:

Qualification:

Availability:

A-36

3 watts at 28 VDC

As the spacecraft enters the dark side of an orbit,
the gyros are turned on to maintain vehicle attitude.
(37.3% max. in one orbit).

Similar to GG 1111 used on SAM-D and astronaut
maneuvering unit.

Will be available for Fall, 1973.



ITEM 43  EXTENDIBLE BOOMS - Mission II

3 Units are on each Mission II
Spar Model A-18, Spar Aerospace Products, Ltd., Off-the-shelf.

Input: 4 watts at 28 VDC includes DC-AC conversion and AC
servo motor.

Duty Cycle: Less than 1%. Retraction or extension of the booms
is a function of desired G-level and experiment.

Qualification: The A-18 is qualified for space flight and environment
and has flown on Scout, Delta, Titan IIIC, Rubis, and
Atlas Agena. It has been used on GGTS, GGII, 060 "A"
and 'B', LISOS, ARSP, EOLE, and Probe I.

Availability: Will be available for Fall, 1973.

ITEM 44 HORIZON CROSSING INDICATORS - Missions II & III

2 units are used on each spinning mission.

Barnes P/N 13-206, Off-the- shelf with modification to interface with

Mcdule spin rate.

Input: 160 milliwatts at 28 VDC

Duty Cycle: The indicators will be employed during the first orbital
pass through the ecliptic and approximately 3 months
later to direct cold plate away from earth,

Qualification: Same (except power supply) as model 13-205SC used
on TIROS.

Availability: Will be available for Fall, 1973.

ITEM 47  GRARR TRANSPONDER - Mission III

2 units on each Mission III vehicle.

Input: 1.61 watts +12 VDC R&RR & Command
16.5 watts at 28 VDC transmitter
Output: 7 watts at 136 MHz
Duty Cycle: 3 Six-minute Interrogations per 24 hours

(1.25% of time)

Qualification: Designed to meet requirements of user spacecraft.
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APPENDIX B
REVISED THERMAL PROFILE ANALYSIS

1.0 INTRODUCTION

The thermal analysis presented in this appendix was per-
formed to determine the impact on the thermal control system design of the
revised heat loads and performance requirements presented in Reference B-1.
These revised requirements for Missions I, II, and III are summarized in
Table 1. Also included in Table 1 for comparison are the original require-
ments on which the previous design and performance analysis were based
(Reference B-2).

TABLE 1. - DESIGN REQUIREMENTS

Baseline (Ref. B-2) Revised (Ref. B-1)

Confinuous Heat Load ~180-270 Btu/hr 136 Btu/hr
Peak Heat Load 350 Btu/hr for . 408 Btu/hr for
' 10 min/hr 3 min/hr
Set-Point Temperature Range 35°F - 45°F 35°F - 50°F
o [o]
Temperature Tolerances © Set Pointfgog Set Pointtgog

The thermal control system concept has been described in
detail in Reference B-2. Figure B-1 is a schematic showing the basic
elements of the system. A direct-radiating cold plate with a radiating
area of 6 square feet is mounted on the top of the experiment package, and
heat Toad control is provided by a two-position louver array which is
positioned in either the "open" or "closed" position by the Touver control
unit on the basis of signals from temperature sensors at the cold plate.
The temperatures at which the "open" and "close" commands occur can be
varied to achieve the desired set-point range indicated in Table 1.
Further control flexibility can be obtained by adjusting the louvers so
that they do not fully close in the "closed" position.
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2.0 THERMAL ANALYSIS

The revised thermal analysis was performed in two parts.
In the first part the baseline thermal control system design (from
Reference B-2) was analyzed to determine its performance with the revised
heat loads and performance requirements. In the second part a parametric
analysis was performed to determine the optimum design parameters for the
system based on the revised requirements to determine what cost and/or
weight savings were possible. The two basic design parameters considered
in this analysis were cold plate mass and material, effective emissivity
ratio (between the "louver open" and "louver closed" positions) and louver
dead-band (temperature difference between "open" and "close" commands).

The most severe combination of internal heat load and
environmental heating are presented by Mission II. This results from the
fact that the Mission II spacecraft is inertially stabilized with its axis
normal to the sun line, and must be facing the earth for an extended
portion of each orbit. The Mission I spacecraft is assumed to be rotating
in yaw at a rate of 10 revolutions per hour (one degree per second) and
the earth radiation and albedo heat loads are distributed more uniformly
over the orbit. Because Mission II is the most severe case, the required
radiator thermal mass (or heat capacity) was established for this mission
and used as the baseline for Missions I and III. The louver parameters
(emissivity ratio and dead band), which are readily adjustable for each
mission, were then optimized for Missions I and III. A separate analysis
was performed for Mission I(S), which involves a different set of heat
loads and cold plate design constraints.

A specialized computer routine, as discussed in Reference
B-2, was used to perform the parametric analysis. In this routine the cold
plate is considered as a single thermal node, and both internal and environ-
mental heat loads are input as a function of time and orientation. Ten
orbits were calculated for each run to assure that equilibrium conditions
were obtained.

2.1 MISSION II

2.1.1 Heat Loads. - The internal (experimental) and environment heat
loads assumed for the Mission II analysis are shown in Figure B-2. The
environmental loads are identical to those used in Reference B-2, and are
based on the most severe levels that would occur at a solstice condition
for a vehicle launched at a 37-degree inclination. It has been assumed
that the spacecraft can be rotated 180 degrees once during a six-month
mission so that the cold plate will be facing the earth only on the dark

or "night" side and solar albedo effects are minimized. Peak internal heat
loads of 3-minute duration were included once an hour, with one peak occur-
ring at the time of maximum environmental heating.

2.1.2 Baseline Design Performance. - The "baseline" design is defined
in all cases as that which was presented in Reference B-2. For Mission II
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the baseline design was defined by the following parameters:

Cold plate material - beryllium
Cold plate mass - 23 pounds
Emissivity ratio - 3.0

Louver dead-band - 2.5°F

The performance of this baseline design for the revised
heat loads is shown in Figure B-3. Cold plate temperature is shown as a
function of spacecraft position over a characteristic orbit. Performance
at the minimum set-point of 35°F is shown, since this represents the most
severe case. The baseline design meets the revised heat load requirements,
with a maximum Touver cycling rate of approximately 1.0 cycle per hour or
1.5 cycles per orbit.

2.1.3 Revised Design Analysis. - The assumptions made in the design
analysis and the manner in which the analysis was performed are illustrated
by a sample run shown in Figure B-4. Because the continuous heat load is
lower for the revised requirements, the cold plate temperature may decrease
during low environmental heating conditions, even with the Touvers closed.
This decrease is shown by in Figure B-4. This decrease is a function
both of radiator thermal mass and of effective emissivity at the closed
position. The temperature for closing the louvers must be set at least

the number of degrees indicated by above the lower temperature limit

to assure that the temperature of the cold plate will never drop below

the limit.

Similarly, when peak internal heat loads occur at the most
severe environmental conditions, the cold plate is not capable of rejecting
the heat with the louvers fully open. The cold-plate temperature rise for
this condition is illustrated by in Figure B-4. The louver-open setting
must be at least this amount below the upper temperature limit. The
difference between the upper and lower limits then defines the maximum
allowable deadband for a given cold plate mass and Touver emissivity ratio.
This allowable deadband is also affected by the required range of set-point
temperatures, since the Tower 1limit is determined by conditions at the
maximum set point (50°F), where the temperature decrease at minimum heat
load is greatest, and the upper limit is determined by the minimum (35°F)
set point.

Figure B-5 shows the allowable dead-band as a function of
both radiator (or cold-plate) mass and emissivity ratio. Cold-plate mass
is plotted in units of pounds of aluminum, but this designation is arbi-
trary. The analysis was performed paremetrically in terms of heat capacity
in Btu/°F. Corresponding values for a beryllium cold-plate can be obtained
b{ a§suming that the required mass is approximately one-half that for
aluminum.

In addition to minimizing required cold-plate mass, to

reduce weight and cost, it is desirable for reliability to minimize the
cycling rate of the louvers. Louver cycling rates as a function of cold-

B-5
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plate mass are shown in Figure B-6 for several values of em1ss1v1ty ratio,
with dead-band Timitations shown in Figure B-5 implicit in the analysis.
The relatively narrow range of emissivity ratios shown result from the
fact that for reasonable values of cold plate mass a ratio of 3.2 is the
lowest value that perm1ts any dead-band at all, and at a ratio of 3.6 the
temperature drop at minimum heat load ({ AW in Figure B- 4) is negligible
and no further advantage can be gained by increasing the ratio.

Figure B-6 shows that an emissivity ratio of 3.6 is optimum for
cold-plate masses up to approximately 22 pounds, and this ratio was selected
for the revised design. The expected range in louver cycling rate for
various set-point temperatures and sequencing of the peak internal heat
load (in terms of peaks per hour) is shown in Figure B-7. A cold-plate
mass of 21 pounds of aluminum was selected as the design point, since the
Touver cycling rate becomes relatively flat at this point. The range in
louver cycling rate is approximately 3-5 cycles per orbit, slightly higher

“than was obtained for the baseline design in Reference B-2.

2.1.4 Revised Design and Performance. - The design parameters for the
thermal control system for the revised heat 1oad requirements are:

Cold-plate material - aluminum
Cold-plate mass - 21 pounds
Emissivity ratio - 3.6

Louver dead-band - 2.6°F

The temperature profiles for this design over two spacecraft orbits at the
minimum set-point temperature are shown in Figure B-8. Also included for
reference is louver position. One significant factor in Figure B-8 is that
the cold-plate temperature over the two orbits remains in a narrow 3-degree
band near the lower 1imit of the allowable temperature range. This indi-
cates that, if very short and infrequent temperature transients which exceed
the upper temperature limit were permitted, the louver dead-band could be
opened up, with a consequent reduction in louver cycling rate.

2.2 MISSION I

2.2.1 Heat Loads. - The internal heat loads and incident earth radiation
and solar albedo for Mission I are shown in Figure B-9 as a function of
spacecraft orbital position. As in Mission II, the incident heat curves

are based on a solstice condition where the spacecraft is at a maximum
orbital inclination with respect to the equator and the consequent view
angle between the cold plate and the earth is also maximum. The cyclic
shape of the incident heat curves results in the 10 revolution/hour yaw

rate of the spacecraft.

2.2.2 Baseline Design Performance. - The "baseline" design for Mission
I was defined by the following parameters:

B-9
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Cold plate material - beryllium
Cold plate mass - 23 pounds
Emissivity ratio - 3.0

Louver dead-band - 3.0°F

The performance of the baseline system with the revised
internal heat loads is shown in Figure B-10. The system meets the revised
Toads with a louver cycling rate of approximately 1 cycle per hour.

2.2.3 Revised Design Analysis. - The cold-plate mass of 21 pounds of
aluminum determined by the Mission II analysis was also used for Mission I
to satisfy the requirement that the same cold plate design be applicable -
to all missions.

The effect of emissivity ratio on allowable deadband and
Touver cycling rate are shown in Figure B-11. The somewhat Tower emissi-
vity ratios for Mission I result from the fact that the yawing of the
spacecraft reduces the effective orbital variation in incident heat loads
from those encountered in Mission II. On the basis of this analysis, an
emissivity ratio of 2.8 was selected for Mission I.

2.2.4 Revised Design and Performance. - The thermal control system
design parameters for the revised heat load requirements are:

Cold plate material - aluminum
Cold plate mass - 21 pounds
Emissivity ratio - 2.8

Louver dead-band - 2.3°F

The cold-plate temperature profile for this design for a
characteristic orbit and at the minimum set-point temperature is shown in
Figure B-12. As is the case with Mission II, the temperatures tend to
remain within approximately a 3-degree band. A reduction in louver cycling
rate could be realized by opening up the dead band and permitting occasional
short transients outside the 5-degree temperature band.

2.3 MISSION III

A cursory analysis was performed on Mission III to determine
the performance of the baseline design and establish the limiting values
for emissivity ratio and deadband for a 21-pound aluminum radiator. Since
there is effectively no incident heat load except for very short periods
near perigee, the analysis consists of determining the minimum allowable
emissivity ratio that will assure that the cold plate temperature will not
drop below the minimum temperature 1imit at the continuous heat load, and
the maximum deadband that will assure the cold plate temperature does not
exceed the maximum temperature limit at peak heat load.

The Mission III "baseline" thermal control parameters are:
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Cold plate material - beryllium
Cold plate mass - 23 pounds
Emissivity ratio - 3.0

Louver dead-band - 3.0°F

Because of the lower continuous heat load in the revised
requirements, the baseline design will not meet the requirements without
an increase in emissivity ratio to a minimum of 3.6. For a 21-pound
aluminum cold plate the design parameters are:

Cold plate material - aluminum
Cold plate mass - 21 pounds
Emissivity ratio - 3.8

Louver dead-band - 4.0°F

The Touver cycling rate for both the baseline design and the
revised design is less than 1 cycle/hour.
\

2.4 MISSION I(S)

Mission I(S) represents a special case, since the change in
heat load requirements permits a change from a pumped fluid system with
side-mounted radiators, as described in Reference B-2, to a direct-
radiating cold plate mounted on the top of the experiment package. The
performance requirements for the Reference B-2 study were identical to
those listed in Table 1 for the other missions. The available cold plate
area for Mission I(S) is only 2.73 square feet, however, rather than the
6.0 square feet available for the other missions, which was inadequate to
reject the specified heat load. The revised heat load requirements, which
are tabulated in Table 2, can be met with the smaller cold-plate radiating
area.

TABLE 2. - REVISED MISSION I(S) DESIGN REQUIREMENTS

Continuous Heat Load 100 Btu/hr

185 Btu/hr for 2 min/orbit
Peak Heat Loads
340 Btu/hr for 15 sec/orbit

Set Point Temperature Range 35°F - 50°F

+0°
-5°

Temperature Tolerances Set Point E

The incident heat loads for Mission I(S) are identical to
those for Mission I as shown in Figure B-9. For the performance analysis

B-18



it was assumed that peak internal loads occurred sequentially at a point
where the environmental loads were maximum. The design parameters for the
thermal control system for the revised requirements are:

Cold Plate Material - aluminum
Cold Plate Mass - 12 pounds
Emissivity Ratio - 2.0

Louver Dead Band - 3.0°F

The temperature profile for this design at the minimum set
point is shown in Figure B-13. The louver cycling rate is slightly less
than 4 cycles/orbit. As was true for the other missions, the 3-degree range
of the temperature indicates that the dead band can be increased, and the
Touver cycle rate reduced, if occasional short-duration temperature tran-
sients outside the 5°F tolerances are permitted..
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3.0 SUMMARY

The results of the revised thermal analysis show that overall
the modified heat load and performance requirements present less severe
design problems than the baseline requirements analyzed in Reference B-2.
The following conclusions represent a summary of the thermal analysis.

(1) The "Baseline" design (Reference B-2) will meet all
modified heat load requirements for all missions.

(2) The modified heat loads permit the use of an
aluminum cold plate, or of a lTighter beryllium
cold plate.

(3) The modified requirements for Mission I(S) permit
the use of a direct-radiating cold plate rather
than a pumped-fluid system.

(4) The louver cycling rate is slightly higher for the
revised design than for the baseline system in
Reference B-2. The baseline design will meet the
revised heat Toads, however, with a lower louver
cycling rate than with the previous heat loads.

(5) Louver cycling rate could be reduced if occasional
short-duration cold plate temperature transients
outside the 5°F temperature tolerances were per-
mitted. ,

(6) The increase in set-point temperature range from
10°F to 15°F has very little effect on performance.
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APPENDIX C

SUMMARY DESCRIPTION OF EXPERIMENT
MONITORING AND S-BAND SYSTEM

1.0 INTRODUCTION

The baseline Bioresearch Module is equipped with a VHF
communications system (148 MH, Uplink and 137 MH,, 30 KH, Bandwidth,
Downlink) which interfaces with the STADAN tracking system. In accord-
ance with Reference C-1, a preliminary design is defined for a television
system to monitor biological activity in the experiment package. Since
TV transmission will require large bandwidths, an S-Band communications

- system is also defined.
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PRECEDING PAGE BLANK NOT FILMED

2.0 EXPERIMENT MONITORING

The TV system is required to operate one minute per orbit
at either 24 frames/sec or one frame/minute, with a resolution of 1/10
inch ina 7.5 inch by 10 inch - frame size. The information can either be
real time or stored.

The minimum resolution required is 200 TV lines which
can be reproduced using a 300 line scan rate. The 300 lines require a 3
MH, bandwidth which can be obtained by employing an S-Band downlink
of 2300 MH,,.

The Bioresearch Module VHF baseline system can neither
transmit nor store the required monitoring information.

2.1 INTEGRATION WITH BIORESEARCH MODULE

A parallel TV subsystem is required for experiment moni-
toring. Figures C-1 and C-2 illustrate the subsystem using either
digital or FM recording.

Figure C-3 summarizes the equipment used on each system.
Note that both the digital and FM record/playback weights and complexity
favor a real-time, FM, transmission system. The real-time system
would be more compatible with the baseline system, since the anticipated
procedure is to observe biological experiments which are initiated only
during spacecraft passes over ground video receiving stations. The real-
time system can use the present VHF uplink, but requires an S-Band
transmitter and antenna for downlink. The S-Band transmitter replaces
one of the baseline VHF transmitters. By using a real-time FM video
system (Figure C-2), the A/D converter/conditioner_, Digital Recorder
Multiplexer and recorder are not required.

Although the input power requirements of the camera,
control unit, and transmitter are high (97 watts), the short duty cycle
(one minute per 96 minute orbit) has only minor impact on the baseline
power system; i.e., 97 watt-minutes added to the 9964 watt-minutes per
orbit of Mission I. The short peak demand is supplied by the battery.
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FIGURE C-3.- TV SYSTEM EQUIPMENT SUMMARY

Camera: GEC ED6038A and
Control Unit

Output - 24 frames/sec and 300
lines/frame video

Horizontal & Vertical Sync. Pulses

Camera Control
Wt. 14 oz. 8.25 lbs
Volume 15 :'m;3 1.72 in3
Power 15 watts

A /D Converter/Conditioner:

Input - Analog video with line and
frame sync. 24 frames/
sec.

Output -~ 9,6 MBps serial stream

wt. 5 1b. (est)
Vol. 10 in. {est)
Power 2 watts (est)

Digital Rec. Multiplexer:
Wt. .5 1b, (est)
Vol. 10 in3 (est)
Power 2 watts (est)

Recorder:;

Record Time: 1 minute
Storage Capacity: 546(10)° Bits

Transmitter; SC1 MOD
P/N 2208100-1

Wt. 5 1bs,

Vol. 100 in>

Power Input - 72 watts
Power Output - 10 watts

Digital FM

Weight: 9 lbs (est) 38 1bs
Volume: 300 in3(est) 1900 in>
Power: 9 watts (est) 85 watts

Real-Time
Totals: Digital FM Only FM
Weight: 22.25 51.25 12.25 1bs
Volume: 607 2187 287 in3
Power: 38 110 25 watts

C-6



3.0 S-BAND SYSTEM

The baseline Bioresearch Module has a data rate of 1.68
K bits per second and a T/M bandwidth of 30 KH, using a VHF system.
Much higher data rates are achievable by changing systems. Since -video
transmission requires large bandwidths, it is feasible to define a wide
bandwidth T/M system for the spacecraft. A 3 MHj bandwidth at a
carrier frequency of 2300 MH, is chosen because of compatibility with
video transmission.

Figure C-4 illustrates the S-Band subsystem. Existing
baseline components such as the encoder, data storage, housekeeping,
clock, decoder, signal conditioner, and power distribution systems are
retained. The baseline T/M VHF transmitters, antennas and related
hardware, and command receivers are replaced with S-Band components.

Table C-1 lists the three major components required by
the spacecraft for S-Band. Table C-2 shows the technique used in
determining the required power output of the S-Band T/M transmitter.
Table C-3 summarizes the impact of the change from VHF to S-Band
upon the baseline power system. Table C-4 summarizes the subsystem.
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TABLE C-1.- S-BAND COMMUNICATION EQUIPMENT

e Receiver: AVCO AED-303-2
Frequency: 2000-2400 MH,
Noise Figure: 7 Db
Power: 1.3 Watts, 28 VDC

Volume: 25 in:?’

Weight: 1.5 Lbs.
e Transmitter: SCI MOD of P/N 2208100-1

Power Input: Est. 72 Watts miﬁimum

Volume: 100 in?’ Weight: 4 Lbs.

S-BAND ANTENNA
(Designed to Fit Vehicle Envelope)

e Type: Four Cavity-backed Slots Spaced Around Spin Axis
e Pattern: Doughnut with Maxima 900 to Spin Axis

120° Beamwidth

+4 db gain at maxima

-6 db gain near vertical




TABLE C-2. - REQUIRED S-BAND TRANSMITTER OUTPUT POWER

5. Vehicle Antenna

6. Vehicle System Loss
7. Signal to Noise
8. Fade Margin

9. Transmitter Power

Spacecraft: Bioresearch Module Mode: MOD TV 3 MHZ BW at
24 frames/sec
Mission: I &II Frequency: 2300 MHz
Range: 300 NM orbit
1200 NM Slant Range
Parameter Characteristic
1. Receiver Threshold
10 log K -198. 6 dbm
10 log BW BW=3 MEIZ 64.8 db
10 log Te TE = 2610 K 34.2 db
Te = (NF - 1) 29021{ Threshold = -99. 6 dbm
= (10-%) 290 'K
= 2610K
2. Receiving Antenna 85 Ft. Dish 51.0 db
3. Polarization Loss -3.0db
4. Space Loss 37.8 db -37.8 db
20 log NM NM = 1200 61.6 db
20 log ¥ F = 2300 MHZ 67.2 db

Space Loss = -166.6 db

Omroxi Doughnut +4.0 db
120" Beamwidth

-5.0 db
Std. Coml. Quality (-)20.0 db
0.0 db

10 Watts 40.0 dbm




TABLE C-3.- IMPACT OF CHANGE FROM VHF TO S-BAND

VHF System
Total S/C Pwr.Req'd. ,W

EOL Pwr. Avail., W
Power Margin, %

S-Band System
Total S/C Pwr.Req'd. , W

EOL Pwr.Avail., W

Power Margin, %

Mission

I

187

204

201

204

1.5

*Mission Mission
1(S) 1I
190 183

204 205

7 12
190 197
204 205
7 4

*I(S) Baseline Power System sized for VHF + S-Band (2% Duty Cycle)
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TABLE C-4.- S-BAND COMMUNICATION SUBSYSTEM

Missions I & II

Dual 2300 MHz Receiver - Transrnitte1; System
Provides Command/TM/TV with failure redundancy
Provides 3MH, Bandwidth Analog TV Downlink
Simultaneous TM/TV using Both Transmitters
Antenna Pattern OMNI Doughnut with 120° Beamwidth
Transmitter Power Output 10 Watts

Power Input Appreximately 72 Watts




REFERENCES

""Modified Experiment Support Requirements to be
Evaluated under Task I-1", Enclosure (1) to NASA/Ames
letter PEF: 204-5(80L) dated 11 June 1971.
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APPENDIX D
BIORESEARCH MODULE GROUND

STATION SUPPORT EVALUATION

1.0 INTRODUCTION

The STADAN and MSFN have recently been reorganized into one
space-tracking and data acquisition network. This network is controlled
by the Goddard Space Flight Center (GSFC). The top management officer for
this network is Mr. Robert L. Owen, Chief of Network Engineering Division,
phone number (301) 982-2816. For purposes of this evaluation, the STADAN
and MSFN are considered separate networks. All NASA tracking facilities are
listed in Table D-1 and are shown in Figure D-1. Figure D-2 shows the Space
Tracking and Data Acquisition Network (STADAN) and Figure D-3 shows the
Manned Space Flight Network (MSFN). Certain existing Eastern Test Range,
Western Test Range and White Sands Missile Range support is included with
the MSFN capabilities; however, no evaluation of these total range capabil-
ities has been performed. Data presented in this study are based on
References D-1 through D-4 and contact with NASA/GSFC personnel.

D-1
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2.0 GROUND STATION SUPPORT OF SPACECRAFT TELEVISION

2.1 ANALYSIS

The ground station capabilities to support real time or recorded
television were investigated and evaluated. The 137 MHz telemetry carrier
frequency used in the baseline Bioresearch Module, which is that frequency
assigned to the U.S. for space research telemetering by agreements reached
by the Extraordinary Administrative Radio Conference of 1963, is allocated
a nominal bandwidth of 30 KHz with a maximum bandwidth of 90 KHz. The
requirement for real time or recorded television will require 1-3 MHz band -
width depending on 100 to 300 line resolution, respectively.

Recent inquiries at GSFC (Frequency Control Officer) indicate
the wideband requirements for television on the 137 MHz carrier frequency
would not be acceptable for two reasons:

(1) Currently none of the STADAN ground stations have
the capability to handle wideband transmission.
This capability could be obtained by purchasing
additional eguipment.

(2) Other projects, such as the meteorological satellites
operating in the 137-138 MHz freguency range would
probably object to the transmission interference
during Bioresearch Module wideband transmission.

The Administration Radio Conference concluded a world confer-
ence on August 11, 1971. New significance was added to the 136-138 MHz
carrier frequency range in that the United States requested and obtained
more bandwidth. The 138 MHz to 143.6 MHz carrier fregquency was allocated
to space research in region 2, in which North and South America are located.
Therefore, a possibility exists for obtaining wideband (television) data
utilizing the current telemetry system proposed for the Bioresearch Module
providing that the STADAN wideband capabilities are obtained. A request to
GSFC at this time to use wideband transmission in the 138 to 143.6 MHz range
would probably be a first.

The Unified S-Band (USB) system, Figure D-3, provides tracking,
ranging, command, telemetry and voice communications for the Apollo missions.
The spacecraft transponder transmitter can be frequency-modulated for the
transmission of real time television information or recorded data. GSFC has
indicated that the USB system would be suitable for the Bioresearch Module
wideband (television) requirement provided the carrier frequency is in the
S-Band region, 2270-2300 MHz. '

D-11



2.2 CONCLUSION

STADAN ground station support capabilities for real time or
recorded television do not currently exist due to the wideband (1 to 3 MHz)
requirement. A possibility of STADAN wideband ground station support may
occur in the future with the allocation of the 138 to 143.6 MHz carrier
frequency to space research and provided STADAN acquires wideband ground
station equipment.



3.0 DESIGN IMPACT OF USING STADAN AND/OR MSFN

3.1 ANALYSIS

The design impact of using the Manned Space Flight Net either
in addition to or in lieu of STADAN for ground station support was analyzed.
It was assumed that the MSFN shall be available to support missions requir-
ing television monitoring of the experiment.

Three configurations were considered which use the STADAN
and/or MSFN ground station support for the Bioresearch Module telemetry,
tracking, and command systems with wideband capability (television):

(1) Telemetry carrier frequency 137 MHz, tracking carrier
frequency 136 MHz, command carrier frequency 148 MHz,
and wideband (television) cability using S-Band,
2270-2300 MHz.

(2) Telemetry carrier frequency of 137 MHz with wideband
ground station capability, tracking carrier fre-
gquency of 136 MHz and command carrier frequency of
148 MHz.

(3) Telemetry, tracking and command carrier frequencies,
including television monitoring, using S-Band.

The prime acquisition sites for telemetry, tracking and.
command for configuration (1) are as follows:

Telemetry, Tracking Wideband Telemetry

and Command - S~Band

Roseman, North Carolina (STADAN) Merritt Island, Florida (MSFN)
Quito, Ecuador (STADAN) -

Santiago, Chili (STADAN) -

Johannesburg, South Africa (STADAN) ---
Tananarive, Malagasy Rep. (STADAN) -——
Carnarvon, Australia (STADAN) Carnarvon, Australia (MSFN)

The prime acquisition sites for telemetry, tracking and command
for configuration (2) are as follows:

Tenanarive, Malagasy Republic (STADAN)

Quito, Ecuador (STADAN)



Rosman, North Carolina (STADAN)
Santiago, Chili (STADAN)
Orroral, Australia (STADAN)

The prime acquisition sites for telemetry, tracking and command
including television monitoring for configuration (3) are as follows:

Ascension Island (MSFN)

Bermuda (MSFN)

Grand Canary, Island (MSFN)

Goldstone, California (MSFN)

Merritt Island, Florida (MSFN)

Guam, Marianas (MSFN)

Guaymas, Mexico (MSFN)

Kauai, Hawaii (MSFN)

Corpus Christi, Texas (MSFN)

Honeysuckle Creek, Australia (MSFN)

Antigua (MSFN)
3.2 CONCLUSION

Using the Manned Space Flight Net in addition to or in lieu

of STADAN for ground station support will require that the Bioresearch Module
contain provisions for S-Band capability (2270 to 2300 MHz carrier frequency).
The Bioresearch Module using the 136-137 MHz carrier frequency for tracking
and telemetry, and 148 MHz carrier frequency for command functions cannot be

supported by the MSFN. The Manned Space Flight Network facilities require
that the spacecraft transponder operate in the 2270-2300 MHz frequency range.
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APPENDIX E
VARIABLE SPIN CONTROL ANALYSIS

1.0 SPACECRAFT STABILITY STUDY .

A dynamic stability study is presentedlfor the spacecraft
with its attached, flexible booms.

1.1 IDEALIZED SYSTEM

The idealized system to be analyzed is shown in Figure E-1.

FIGURE E-1. - IDEALIZED SPACECRAFT

It is to be noted that

a) x, Y, z are right handed, non-inertial axes. They

are fixed in the body, along principal axes of the
“rigid body".
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b) Ix’ Iy, Iz are principal moments of inertia about

the principal axes x, y, z, respectively.

c) Ixy =1,,= Iyz = 0 are products of inertia

d) m = equivalent tip mass
e) {=-m, ¢=-1

f) 1, j, k are unit vectors, along x, y, z respective-
ly and are time-dependent.

g) The center of mass of the rigid body is in an
inertial frame.

1.2 EQUATIONS OF MOTION

The equations of motion will now be written. They consist
of the motion of the booms, relative to the central hub, and the "rigid
body motion" of the central body with its attached booms.

1.2.1 Kinetic Energy. - The kinetic energy is given'by

Tz [, W +yw' + I wt

+-'5~vx['\7,"-f/:,'+ _\ZT"-\Z"""VSI'.VS,] (1.1)
—/ O —
in which, Vyy = MK+ wx

=gk + WX K (1.2)

and further, ;: = p I
\
R =p[-sinel + cos©T] - 9k
3 =pl-sINGT ~c050T] -1k (1.3)
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1.2.2 Potential Energy. - The spacecraft is in a state of "gravity
free" motion as far as its center of mass is concerned. Thus, we are con-
cerned only with the potential energy of the elastic booms.

Hence,
V =1 ko M(2) | (1.0

in which k, is an effective spring rate, given by

k, = 3EIn mp Wa £ | (1.5)
n = VY T2 EL, '

1.2.3 Boom Equations. - The equations of motion of the booms are given
through the application of Lagranges equations in conjunction with expres-
sions (1.1) through 1.5).

Lagrange's equations are given by

s'_[ar]__a_r,, 3V, 3f

qtlaml " 3dn " 3In "IN (1.6)
If the indicated operations are carried out, there is obtained
“ . 2 .
N+e N+t Wy M =ﬁ[wy(|+zsme)
m 3
~ W Wz (1+25INO)] (1.7)
1.2.4 "Rigid Body" Equations. - The "Rigid Body" equations are given by
H =o0 | (1.8)
in which the derivative is relative to an inertial frame.
Now F; is divided into two portions as follows: _
H =8 R 1.9
H = Hg + Hg (1.9)
So that,
- .'_ 3 X
HR = - HE = "{ mer‘-b} : (1.10)
i)
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Further,

HR= L,wel + IY(AJYJ + I, W; K
By equations (1.8) through (1.11) and remembering that

S .4 (Hy) + xR
H‘dt(’"‘)

we arrive at the following Scalar equations of motion:

Wy + wawy (I,-L,) =o

I
Wy + Wy Wg (Tx-Te) = mp T H(I+25INO
y X t(xryﬂ ?f[n( 25|

+ qwi(1+2 cos @) ]
Wy + Wy wy (Iy-1)

7 = 0
I,
in which,
I, = Iy + 2mptcoste )
I, = Iy + mp*(1+ 2 51N% @)
I; = Iz + 3 n1f>z L

1
(I.z- 17> = I.z. - Iy + 2 MPKCOSZG
) .
(Tx-Tg) = I - Iz - met(1+2 5IN2 D)

!
(I;-L) = Iy- Ik + 3mp® g

1.3 STABILITY CRITERION

(1.11)

(1.12)

(1.13)

(1.14)

(1.15)

(1.16) -

We take Wato be constant and consider the stability associ-

ated with equations (1.7), (1.13) and (1.14).
E-4



- We take solutions of the equations (1.7), (1.13) and (1.14)
to be of the form

<l)y - Y‘g)\t
(1.17)
y - Ner?

and the determinant of the set of the resulting algebraic equations is:

/
A 2z (I!'IY) 0
: I)(l
/ =0
Wg (L - I) A PLINO+25me
5 v

7 2 :
rw, (1 20056)] (18

Wy (1+25IN o) -,o,\(,+zs/Ne) (Al+_C_A s W)
3 3 7

The frequency equation results from the expansion of this
determinant. It is of the 4th degree in A , and may be written as

L=n

4 ,

n-¢
a; A =0 (1.19)
iz0



The stability criteria are:

a, > O (=01 2,3 4) (1.20)

Together with

2
a,(a,a, -a,a,) - a°~ a4 > O (1.21)

These inequalities must be satisfied for dynamic stability.

1.4 STABILITY PROFILES
For this spacecraft, IX = Iy and further we define
)

.1:5 - = ol
Iy
mp* = g L

I, (1.22)
Wg . Z

Wy /

With these definitions and the stability criteria noted
by (1.20) and (1.21), we may show various stability profiles. These
appear in Figure E-2 for four values of/? .

1.7 DEFINITION OF TERMS
T = Kinetic energy
E = Young's Modulus

Ih = 2nd moment of the boom cross-section

P

distance from the spacecraft center of mass to the
mass, m

1 = structural length of a boom.
LUX, w/; we- = angular velocity components of the space-
craft, along x, y, z, respectively.
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f = dissipation function for a boom.
© = angle between the booms and specific axes (Figure E-1)
ﬁh ﬁh = angular momenta of the elastic and rigid portions

of the spacecraft, respectively.

V= potential energy

"2,

Q\jﬂ .
\ -

n _.20
? 20 £
§\a 5:.50
\§ ’(;m.a
A /.0 REGION
N
<
| J _.

4 . SR P |
.50 /.0 /5 2. 0
LR TG e s Ly
27,

FIGURE E-2. - STABILITY PRGEBRLES -
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2.0 CONING DIVERGENCE

We now consider the motion of the spacecraft and realize
that because of the dynamic instability of motion about the z-axis, it will
“cone". If this coning is not corrected, the system will finally change
its motion to that of a spin about the axis of maximum moment of inertia.

We now wish to establish

a) An allowable cone angle, 6 3 based on a maximum
wobble acceleration of 3x10~9g.

b) The amount of time, t,, which is required to
build up the cone angle,

The amount of time t; will govern the control system opera-
tion and the amount of thruster gas required.

2.1 ESTABLISHMENT OF 6,
Consider the vehicle shown below. For purposes of this

portion of the study, the system is idealized into a rigid body and is
treated by rigid body concepts.

FIGURE E-3. - CONING STUDY IDEALIZATION
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2.1.1 Angular Velocity and Acceleration. - The angular velocity vector
is given by

w = (6 cos¢)+¢5//\/esm¢0)2

+(-6SINY + B SINOcosy) T

+(@Pcose + ¢) Kk
(2.1)

We will not allow the cone-angle velocity (6 ) to grow large, so that we
express & by

W = (PSINGSINY) T
+ (P SINOCOS @) T (2.2)
+ (P cos50+yP)k

The angular acceleration is approximated by

W = PPSING(COS WT =sINY T ) (2.3)

in which products in ® © , and the terms @ , ¢ have been ignored
in comparison to the terms in expression (2.3).

2.1.2 Linear Acceleration. - Let the particle, P, be located by the

position vector ~ . Then the linear velocity of the point P is given by

» »

Fro= Ryy v Wxr (2.4)
The acceleration is given by

¥ =[;-.'l,, N Zajxfix 1+ DXTF +wx(&71?)]

xy'2 12
(2.5)
in which x', y', z' is the non-inertial body axes.
Now
rx.'yl!' = l;l: Ylli/ = O (2.6)



because the particle is stationary relative to the body. Thus,

F = WXF+ WDx(WXF) (2.7)
This is the Tlinear acceleration of the particle.

If we expand Equation (2.7) we obtain =

r={Wxr+@(0-F)-F(W-@)]
We now orient the particle so that
r‘yl = 0

and substitute Equations (252) and (2.3) into (2.8). We then obtain

F=r(evd ¢

From the constance of angular momentum, it is easy to show that

(2.9)

W COSO = P C0O56 + ¢ )

»

Wy; Iz SINGSINY = ¢ SING SIN ¢ r

I
U,, Iz SINOCOSY
Y'
From which we find that
¢ = W I '
I (2.11)

(2.10)

n

PsING cosy |

Y = Wos 05 6[1- To/I)

in which we have used the fact that

We note also that Wpa refers to the original spin speed of the body
about the z-axis.

We can now express Equation (2.2) as



—

W = Wy Iz (SINOSINYL

Ix
_ - (2.12)
t SINO COSYT) + Woe 058 K
and Equation (2.3) becomes
- 2
W = Wy, Iz COSOSING (1~ I;/Ty) (2.13)
Ix
If we now take © to be small and take the spin-rate to be constant, i.e.,
SING = ©
cos56 = | ' (2.14)
v owt
We find the Tinear acceleration of point P to be
a2 2 2 . -
- I
F = wo,}{;[g(ﬁ) O SINYt + K]t
I;: 2 . -
+[r;,(1x)ecos¢t]J | (2.15)

+ [rx(% GSINLi)t(Z-Ie/Ix)]E}

The terms above may be combined in scalar form to obtain steady-State
terms (constant in time) and a time varying term. This latter term is
the one of interest. It is-

w 2

= W, (%)9’2’(7"5/5> SIN (Pt

Its maximum value is

= Wo: (_]_:fg) 6 &/ (2«" IZ/IX) | (2.16)

,rt MAX X



2.1.3 Maximum Allowable @ = & . - The allowable cone angle 8, ,
is governed by the maximum allowable linear acceleration. This maximum
allowable value is set at

m'mx = 3’(‘0.3? (2.17)

From this value and Equation (2.16) we can solve for the maximum allowable

angle, .
%

W3 (513) K (2= Ty /1) (2.18)
A

e‘=

Values of this angle are tabulated for various spin speeds as follows:

TABLE E-1. - MAXIMUM ALLOWABLE CONE ANGLE

SPIN SPEED CONE HALF-ANGLE
 Wea ' =X
1.5 Radians/sec. 2.46°
- 5.83 Radians/sec. .16°
Other data are
I, = 7.81 slug-ft?
Ix = 18.75 s]ug-ft2
K= 1.5 ft.

2.2 TIME HISTORY

We now predict the time required by the spacecraft to
develop the cone half-angle, ©€, . We make this prediction on the basis
of the dissipation of energy through the elastic motion resulting from
the coning motion. Both the main body and the booms will contribute to
this energy dissipation.

2.2.1 Energy Dissipation Relationship. - The drift angle rate,
and the time rate of change of the kinetic energy of the spacecraft are
related as follows: '

T =6 H (1,/I.-1)sIN6cCOS® (2.19)
Iz '
£-13



The energy dissipated in the elastic body due to hysteresis
damping is, for each cycle of stress

Yot 4y
y 2EL, (2.20)

In which ¥ is the hystersis damping factor, @ 1is the repeated bending
stress, E is Young's modulus and ty is the period of the repeated stress
cycle, and V is the volume of the material which is undergoing repeated
stress.

The energy dissipation (2.20) causes a change in T as
given by Equation (2.19?. Thus, for each cycle,

. N (Iz_)s/Nocose - —// J_"_'.lal,v - (2.21)
© It(IK ) Y 2EL,

The problem now becomes one of determining ¢~ and t,. The previous analy-
ses of Section 2.1 furnishes information for obtaining both of these items.

2.2.2 Boom Bending. - If we now consider the system shown below, we
may write

—4

/ d A
- 7
\ /
L LooA7 sz
o g /u TP AIHSS
/Z/ «

FIGURE E-4. - BOOM BENDING STUDY



for the moment at point i along the boom
T '
M; = Woe L1t (Z-Lt. 8 SINWYT X
' Ix Ix

T —
Tus - Ms L i + My m]J
(Zms M L K (2.22)

in which IMB is the boom moment of inertia about /x, =0, i.e.,
2
= Mg L
Iy‘ﬁ 8 3

L is the boom length and Mxi and in are shown below. It is to be noted

. BooM
<— Ix
X6 —rl / .

A ]
h—-—v—_—d
My

& SPACECRAFT

AN

FIGURE E-5. - BOOM STUDY

that this moment is in a direction .T, normal to the x'-axis.

The bending moment ﬁi" given by Equation (2.22) is

periodic, with its period being found from the second of Equations (2.11).
Thus, with @ small w 1is constant and

(j/to = 2T
or
t, = __2f (2.23)
Wy (1= T2/ Ix)
The bending stress is given by
C= M3 (2.24)
Ly



in which ly. is the second moment of the boom cross-sectional area at fki
about the y'-axis.

/{7,/4/ Boor7

D N

£

g

Y PACECLIFT

~
V4
-
-

FIGURE E-6. - BOOM BENDING

We may now compute the drift rate 6 for the spacecraft resulting from
boom hysteresis since we have obtained ¢ (Formula 2.24) and to
(Formula 2.23).

2.2.3 Body Bending. - We now account for hysteresis loss resulting
from bending of the main body of the spacecraft. As before, we are only
interested in the sinusoidal portion of the motion since it is only

this which will cause bending (from inertia forces).

The bending moment at any location i along the spacecraft
body is given by

2
M; = U):t &) 9[( Mg 'y h 4 'IYR

I 4 2
2 » -
- Mg f;'(:) SINYt —(MR ryi h
A 4
t I, - Mii Qf) cos <}1t'¢.’] (2.25)
in which 2 6

MR = Mass of the main body of the spacecraft

h

half length of the body.

The mass Mz'i and f}.i are shown below and the other terms have been pre-

viously defined, except for
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FIGURE E-~7. - BODY BENDING

IXR and IYR which are:

IXR moment of inertia of the main body (no booms) about
the x'-axis.

IYR = moment of inertia of the main body (no booms) about
the y' axis.

The bending stresses occur about both the y' and x'-axes. They are

ULY' = ﬁ4¢x’ h£X' (2.26)
!
Ly
_ ™ .t
Tox/ = Mﬁf%ﬂ (2.27)
in which I_, Ix' are the second moments of the she]l (structural portion)
in bending, about the y' and x'-axes, respectively. Nix' Niy' are the

centroidal fiber distances along x' and y' respectively.

The period of bending in this case is again given by
Equation (2.23).

2.2.4 Time Variation. - Through the use of Equation (2.21), in which
¢ and to are given by Equations (2.23), (2.24), (2.26) and (2.27), we
may write

- (Egt Eg) Iy
W (I./1-1)

]
o (2.28)



From which we obtain

tek Aa3)

in which
k= (Er+ Ep)Te

Ny W* (T /I - 1)
H= Ty Wy

(2.29)

(2.30)

(2.31)

E, and EB are the energy dissipated by the main body and booms, respective-
15, t is"the time required to gain the cone half-angle §,, and &, is the

initial steady state cone half-angle error.

Two plots of cone angle

growth versus time are shown in Figures E-8 and E-9, for various hysteresis

damping factors, ¥

2.2.5 Conclusions. - It is concluded, on the basis of this section

of the study that

(1) The small allowable 6; (Table 1), requires a

control system with a small steady state error

(«<.16°, for

Wg = 5.83 radians/sec.)

(2) The boom-extended configuration results in rapid

cone build-up (in terms of hours).

(3) The retracted boom configuration results in a very
slow build-up of cone-motion (in terms of days ).
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PRECEDING PAGE BLANK NOT FILMED

3.0 THERMAL BENDING

This section concerns itself briefly with the forced
bending motion of the extended booms of the spacecraft as it spins in orbit
about the earth, as shown in Figure E-10.

ELR 7
EQUA7 R /AL
PLANE

ECKk/PT/C

C/RCULRR ORBIT JOLAN L
CONTRIAN EL A~

THE £Cl/PT7/C LPLERAAE

FIGURE E-10. - ORBITING SPACECRAFT

The spacecraft is in orbit about the earth but it is also rotating about
its spin axis (z-axis) at the following spin rates in two different modes
of operation. :

Wa
Wy

The motion of the booms will include both the free vibratory phenomena,
including possible dynamic instabilities and forced motion. The possibility

5.83 radians/sec (max.)
(3.1)

1.50 radians/sec (min.)

E-21



of forced resonance is investigated briefly in this section, while an
investigation of dynamic instability is contained in Section 4.

We now look more closely at the spacecraft-sun relationship
as indicated in Figure E-11.

We base our analysis on the work of Merrick (Reference E-1)
and write ‘

My (X,8) + AMg(X2) = -K B(x) SN pT (3.2)

in which A 1is the reciprocal of the thermal time constant, MZ is the

bending moment about the z'-axis, at any location x along the boom, -k is
a constant which depends upon the thermal, mechanical and geometric pro-
perties of the boom and ¢ is the angle of twist of the boom, relative

to its root. -

Now ¢ is taken to be a slowly varying function of
time (as has been verified for this study) and hence treated as a parameter
in this analysis.

If we now express the solution of Equation (3.2) in terms
of principal coordinates, we have

My = - f: ET V; (x) N(t)
il

(3.3)
in which 'V: is a solution to the homogeneous equation
v L 5
. (X)) - ' (X =
EL V) - mw; V; (x) =0 , (3.4)

in which E is Young's modulus, I is the second moment of the boom cross-
section about the boom's centroidal axis along z', m is the boom-mass
per unit length, W( the ith natural frequency of the boom, and /Vi(i)
is the ith generalized coordinate.

n If we now substitute (3.3) into (3.2), multiply this
result by WG and integrate over the length of the boom, we obtain,

Nc(t)vt AN, = ’?a SIN Bt (3.5)
in which KfL¢{X) 'VZ”‘/)(

£ LL (V)" dx

E-22
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FIGURE E-11. SPACECRAFT-SUN RELATIONSHIP

FIGURE E-12. BOOM BENDING

E-23



our approximation leads us to consider only the case i = 1 and we are to
show that there is no danger of resonance as associated with Equation

(3.5).
The solution to (3.5) is

N (t) =( K )[sw(w;_t -C) + e‘“%uvc]
>f+ w® '

in which C 1is a phase angle. It is seen that Mz' is a periodic function,
with a frequency of Wsg.

The Towest boom natural frequency is approximated by

Jr o BEL [ o+ mpdi W
w' s el | (3.7)

Hence it is seen that

w, > w
' * (3.8)

so that there is never any danger of resonance.



4.0 THERMAL TORSION-BENDING DYNAMIC STABILITY

We now look at the possibility of instabilities that might occur
as a result of the interaction of the temperature-induced moments and
torques and the coupled bending-torsion response of a typical boom.

4.1 Sun Time and Location. - It can be seen from Figure E-11 that
if we take t = 0 to occur at the time when Boom A aligns itself with the
sun's rays, the times for heating a specific side of a boom are as follows:

TABLE 2 _

SUNLIGHT

SPIN SPEED TIME/CYCLE TIME, tg
5.83 radians/sec 1.08 sec. .54 sec.
1.50 radians/sec. 4.18 sec. 2.09 sec.

The incident radiation during tg which is absorbed by a boom
results in boom bending. This boom bending is generally coupled to a
torsional response (this is particularly true for sections which are open
torsionally) and the final result is a self-excited vibration not unlike
the concept of aerodynamic flutter or the "shimmy" of an aircraft landing
gear.

The basic ingredient which governs the dynamic stability of
a boom is the torque that is built up in a section governed by the deriva-
tive of V (W), (Reference E-2), in which o is the angle of the sun
relative to the boom cross-section. If the derivative

3V _

REA (4.1)
the boom will tend toward instability and if

é—)f > 0 | (4.2)

dY,

the system will tend toward stability.

A plot of the function
o
o ¥

is taken from Reference E-2 and reproduced in Figure E-13.
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FIGURE E-13. - DERIVATIVE OF V(Wo)
On the basis of the above, it is clear that we may avoid instability which

takes place in the region of

3 V()

e ——————

9 Yo

< 0

by the proper orientation of the booms relative to the spacecraft main-

body.
with Figure E-14.
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TABLE 3. - SUGGESTED BOOM ORIENTATION

SYST M ’ zZ i 3 - # A
‘9//’/’?52"/’ o° £ 5° 90° | /357 |r80°
| 22.5° 10° 3
o/~ ‘)7
N LA y , j(_ fe
(5 2”30) 2oq"| 225° 230° 2 AN
ST — n
o o °
SUeeFSTFD|_ &= ol 4§‘§ o i‘:‘f‘ 2|5
O/l rrrTRrran| = = Ny B
- >r
>t 4 9

A further analysis was carried out, based on the work of
Merrick (Reference E-1). On this basis, it was found that the system could
tend toward instability when thermal loading was applied so that the nega-
tive derivatives of Y (¢,) were applicable. It was found on this basis
that the system tends to slight instability but amplitude build-up is
possible over periods of sunlight that are much greater than the actual
operating case. In fact we have the following.

MAXIMUM TIME FOR
TIME IN SUNLIGHT UNSTABLE DOUBLE
PER REVOLUTION AMPLITUDE OF

MOTION
tS = 2.09 sec. 35 sec.

It was found that the amplitude growth increased as follows:
If the amplitude is Ag at time t = 0, the amplitude will grow to, in time
s 02(2.09)
A, e T = Ao (1.0418)

Thus, during the time ty, the amplitude will grow by only 4%.
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The above ideas were based on the concept that within t
the system is subjected to full radiation. Of course, this is highly
conservative and the tendency toward instability is even less than indi-
cated above.
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5.0 SPACECRAFT CONTROL RESPONSE

A parametric study was performed on the stability of a
typical spinning satellite having a rigid central body with flexible
booms. The effect of boom length on rate of divergence of wobble ampli-
tude was found. From these results the rate of reaction control propel-
lant consumption required to maintain this amplitude within prescribed
limits was estimated assuming discrete corrections.

5.1 PARAMETRIC STABILITY STUDY
A mathematical model of the spinning body with flexible
booms was described using state variables and linearized equations of
motion. Four degrees of freedom were assumed. These were:
Central body pitch and yaw angular rates

Assymetric boom deflections, pitch and yaw planes

The eigen values or roots of this 6th order system were found as a function
of three parameters which apply equally well to 3 or 4 boom configurations:

Central body spin/yaw inertia ratio

Ratio of boom to central body yaw inertias.

. _ Wdp 2
Boom stiffness parameter f = ( )
spin

The real and imaginary parts of the eigen values, U‘jle), were non-
dimensionalized and presented as

W/ W,  and 6://C/’" ~ where:
C = Effective dashpot at boom tip '
m = Tip mass.
u4,= Boom natural frequency stiffened by spin rate,
w = epi
spin spin rate (held constant)

For typically small boom dashpot values the real part of the root was
found to be directly proportional to the dashpot constant used. This
justified expressing the desired results of this study, divergence rate,
in terms of the non-dimensional parameter 67490n

The results of a systematic parametric variation on these
eigen values are shown in Figure g_15. The main points found here are:

E-29
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e Flexibility increases boom inertia required to attain
neutral stability. Thus:

Wn 2
f = (717__—_) RIGID 4.0 2.0 1.5
' spin
a Ingn boom 6 8 1.2 1.8
_ Isp1n body

e Maximum divergence rate at intermediate boom length
is a strong function of stiffness.

e Higher frequency modes are damped.

5.1.1 Baseline Configuration Characteristics. - The variation of the
inertia and stiffness parameters as booms are extended was estimated for
one typical Bioresearch Module configuration. Figure E-16 shows boom
natural frequency versus boom extension. The spin rate and overall vehicle
spin-to-pitch inertia ratio for the assumed vehicle is also shown. - These
two parameters are independent of boom flexibility. The effective spring
rate of the isolated cantilever boom drops rapidly with length as evidenced
by the rapid decrease in natural frequency shown without spin. The isolated
nalf inch STEM boom has a natural frequency less than the spin rate for
practically all extensions. The presence of spin provides restoring forces
at the tip mass which effectively stiffen the booms. The boom frequency as
stiffened by spin is 35 to 40% above the spin rate for extensions over 50%.

The boom natural frequency was calculated from the following

expression:
2
“n = %& + 3 ht ro) “J.srw (5.1)
Where:
EI = 1800 Tb-in.?
= 1.33 1bs tip mass
fs = 1 foot, boom attachment radius
1 = Boom length
5.2.2 Divergence Time. - The parameters for the particular extending boom

configuration of Figure E-16 were combined with the parametric study of
Figure E-15 and data on STEM boom damping measurements, to obtain the
divergence times shown in Figure E-17.

Damping was obtained from the experimental data on a STEM
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boom cantilevered vertically under the influence of gravity as reported
in Reference E-3. These tests indicated that the typical Tog decrement,
9, was 0.01 for oscillations of a 43 foot boom. Variations in test
conditions caused this parameter to vary by a factor of two. The test
natural frequency was estimated and the hysteresis factor

Y = c//<= S/md

was found to be about .003 for two different boom lengths. It was then
assumed that this factor did not change with addition of tip masses.

The factor C/m was estimated for the satellite configura-
tion with boom tip mass added from:

3EL
mi3

is the natural frequency of the
isolated cantilever boom with tip mass, m, added.

[N
where °dh, =

Finally the divergence rate, 0" , was obtained from the non-
dimensional damping parameter,

a
E—/_”" ’thus,
L (T \ - 2 (q
G = mwy c/m) = . 008 w'\o (c/m) (5.3)

The time for wobble amplitude to increase exponentially by
a factor of 2.72 is given by 1/¢~ as shown in Figure E-17. This time
constant varies from 1.8 hours at 5 foot extension to 9 hours at full
extension. The control system must provide discrete corrections before
rate gyro amplitude reaches the allowable rate values shown in Figure E-17.
Variation in acceleration at the forward end of the experiment is held
below 3x10-3 g by this requirement.

5.3 PROPELLANT CONSUMPTION

For the purpose of estimating reaction control propellant
consumption it was assumed that a rate gyro would be activated for brief
periods during amplitude buildup. No correction would be made until the
sampled rate exceeded a prescribed value. At that time control pulses would
be applied until sensed rate dropped below a prescibed minimum value, at
which time the correction would cease, starting a new buildup cycle. The
time between corrections is given by

A ¢t - é: fog_(é%;)
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where az/a is the ratio of the rate amplitudes before and after correction.
Propellant consumption could be minimized by setting the maximum rate as
small as possible but a Timit is reached when the minimum rate is less than
obtainable rate gyro accuracy.

Figure E-18 shows a typical response for the chosen com-
promise settings. The correction was assumed to occur from 0.4 to 0.1
deg/sec which would provide 12.5 hrs. between pulses for the full exten-
sion condition where 1/ is 9 hours.

The impulse required to make this 0.3 deg/sec correction is
.077 1b-sec assuming the control jet acts on a 1.5 foot arm and the trans-
verse moment of inertia is 22 1b-ft-sec2.

The reaction control impulse expended per day was computed
as a function of boom length on the basis of the above assumptions.
Figure E-18 shows that consumption varies from .155 1b sec/day at full
extension and very small values with full retraction to a maximum of about
.75 1b-sec/day when the experiment is maintained at 0.6 g. This is equiva-
lent to 2.25 1bs of N2 consumed in 6 months.

5.4 RATE GYRO RESPONSE TO FLEXIBLE BOOMS

When control motors are pulsed the flexible booms will pe
excited superimposing an unwanted oscillation on the transverse body rates
sensed by the body mounted rate gyros. The transient response of the
sixth order system used in the stability analysis was calculated at full-
extension of the booms. Figure E-19 shows the variation in the transverse
body rate vector produced by releasing initially restrained tip masses
while the central body is coning. This vector would trace out a circle,
if the booms were rigid. The flexible booms cause a bending oscillation
at about 8 times the coning frequency or 1.8 times the spin frequency.

The amplitude of this motion is only about 15% of the total transverse
rate amplitude indicating that the rate gyros will function essentially
as in the rigid body case.

5.5 CONCLUSIONS

The results of this study showed that flexible booms cause
the spinning module cone angle to increase. With booms retracted or
fully extended the growth is very slow. Growth rate is most rapid at the
intermediate boom length required for 0.6 experiment g. The propellant
required to compensate this divergence for 6 months is 2.25 1bs of nitro-
gen. The boom bending frequency component was found to have little effect
on rate gyro measurement of body rates for wobble damping control.
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APPENDIX F

BIORESEARCH MODULE PROGRAM
MILESTONES AND WORK FLOW

This appendix contains four parts: a listing and description
of potential Contract liine Items; a Work Breakdown Structure that
diagrams the structure to the third level and then idexes the structure
to the sixth level or indenture; a. Program Plan or work flow; and a
Schedule of major program milestones.

1,0 CONTRACT LINE ITEMS

Potential Contract Line Items are identified below accompa-
nied by brief description of their contents.

CLI No.

1.

2.

Description
Bioresearch Modules; four {4).

Bioresearch Module and System launch,
checkout and servicing Ground Support
Equipment.

Experiment Life Support and Handling/
Servicing Ground Support Equipment,

Requirements /Design Package for Biore-
search Module System (including experi-
ments) orbital and mission operations and
orbital/mission peculiar Ground Support
Equipment,

Procedures /Instructions for handling, servic-
ing, inserting, and withdrawal of experi-
ment(s) using the Experiment Life Support
and Handling/Servicing GSE and maintenance
of the procedures/instructions.

Experiment/Bioresearch Module System
Technical and Operations Services for Orbit-
al Missions; 4 months each for 4 missions.
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CLI No.

7.

10,

11,

12,

13,

14,

Description
Reliability and Quality Assurance for Bio-
research Modules, System GSE, and Ex-
periment and Life Support GSE.

Bioresearch Module System checkout, and
booster integration services.,

Bioresearch Module System Engineering.
Mission Integration and Trajectory Analyses,
Bioresearch Module Structural Prototype.

Program/System Logistical Support (Inven-
tory control, stock, store, and issue),

Bioresearch Module System Integration and
Acceptance Testing.

Bioresearch Module System Program Manage-~
ment and Integration.

2,0 WORK BREAKDOWN STRUCTURE

The Work Breakdown Structure appears in Table F-1 in
diagramatic form to the third level and also in indentured index form to

the sixth level,
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3.0 PROGRAM PLAN

The Program Plan, Figure F-1, consists of six consequen-
tive foldout sheets interrelated by means of serially numbered connec-
tors [) on either of the long ends. The program's hard/software
services, and integration activities have been grouped into seven major
strata or layers that appear throughout the six foldout sheets; namely,
Stabilization/Attitude Control, Electrical, Thermal Control, Instrumen-
tation/RF, Facilities /Mission Operations, and a systems management
and integration stratum termed Spacecraft System. Activities or the
elements of program work are presented as explained by the legend that
appears on the first foldout sheet., Note that triangle symbols A are
Major Program Milestones and possess a number that likewise appears
immediately to the right of the day-month-year calender date on the
Milestone Schedule, Table F-2. This identification permits the calender
date associated with each major program milestone to be correlated
directly with the Program Plan.

The level of descriptive detail presented for each activity
of the Program Plan has been established by summarizing much of the
working detail that contributed to the Plan's justification and reiterative
development, Although of a summary nature, these descriptions cap-
ture the sequence, essence, and philosophy of the program for Program
Management deliberation and tradeoffs. The Plan is thus intended to
provide a level of abstraction from which further reviews and considera-
tion of such items as design, testing, spares, tooling, manufacture,
facility usage, quality, logistics, and interfaces with other agencies may
be judged during detail design progress. It should be noted with regard
to the interfaces associated with the program, that the program planning
was accomplished with specific consideration for the Scout launch
vehicle. Although the Program Plan treats Bioresearch Module develop -
ment and operations, interfaces with Scout operations are shown as sub-
mittals or acceptances of specific documentation currently in use within
the Scout Program as well as participation within Mission Working
Groups. The Plan thus portrays a totally integrated program consisting
of launch vehicle, spacecraft, and experiment or payloads but as seen
from the aspect of spacecraft integration.

The Program Plan is a thus a vantage point from which to
perform further management tradeoffs as necessary to arrive at a more
detailed and justifiable program baseline having the flexibility for '
predicting /admitting authorized changes experienced in the program
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course but still having the rigidity for ensuring the course to be true
and manageable.

The following description is presented of the six pages of
Program Plan. Sheet 1 identifies program go-ahead and the system
specification and program management plan being finalized. Activities
involving definition of subsystem requirements and associated analyses
lead to the issuance of development specifications and the release of
design engineering., These activities coupled with the preparation of a
proposed document tree to present the planned arrangement of all spe-
cifications and engineering drawings, a Reliability and Quality Assur-
ance Plan, a Safety Plan, an Activation Plan, an EMI Plan, and a base-
line version of the Integrated System Test Specification lead to a
Preliminary Design Review approximately three months after go ahead.
This initial activity serves to coagulate the program baseline philos-
ophies and to identify the requirements and criteria for subsystem
design and development testing, Note the attention to the evolution and
role of the Integrated System Test Specification in its control of the
integrated system.

Sheet 2 of Figure F-1 presents the development engineering
being finalized resultant from the Preliminary Design Review and the
performance of efforts necessary for engineering development testing
such as development tooling and the fabrication of development hard-
ware. Also shown is the initiation of the engineering and Product Spe-
cifications that will be necessary for the development of qualification
and ultimately flight hardware. Also during the period shown, the AGE
specifications emerge in initial form. More specific plans are pre-
pared for the areas of Maintenance and Repair, Logistics, Manufactur-
ing, and the mission itself in the form of a baseline Mission and Check-
out Directive which is foreseen to provide top policy guidance for
preparation of the actual Directive as well as to state particular ground
rules and mission guidelines. Maintainability analyses encompassing
all aspects of maintenance, operability, and serviceability for both air-
borne and ground equipments can be seen supporting the preparation of
a proposed joint use listing and the first listing of a proposed spares
list and ultimately the Manufacturing Plan itself,

Sheet 3 of Figure F-1 identifies the finishing touches nec-
essary to conduct a Critical Design Review. Specifically, tooling
planning and engineering, qualification hardware engineering and
Product Specifications as well as component acceptance procedures are
completed. Joint Use Negotiations are completed so as to finalize what
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may be shared. The input to the Scout -required Payload Description
Document is compiled and submitted. A mockup becomes available for
use at the Critical Design Review. Following the CDR, the actual
fabrication of qualification hardware begins. Likewise, Mission
Objectives and Requirements for Spacecraft No. 1 are released in pre-
liminary form to provide the requirements for the first mission. Based
on this, the Payload Mission Requirements are compiled and submitted
to Scout via the Mission Working Group. An experiment simulator can
be seen to support Thermal Control Qualification Tests. Following
Qualification Testing, engineering and Product Specifications are shown
to be updated accordingly and the fabrication of the first flight article
commences. Also, the AGE for thermal control protection of the
experiment is shown to undergo development and qualification testing.

Sheet 4 identifies the release and approval of the Mission
Directive for Spacecraft No. 1. AGE can be seen undergoing fabrica-
tion within each of the subsystems and following its assembly, the
various functional acceptance tests are performed as required. The
AGE coupled with its related Product Specifications becomes available
and is installed for total ground system verification and checkout at the
VMSC systems test facility, Various other inputs are submitted to the
. Scout program in anticipation of the forthcoming first flight, For
instance, mission motor data is submitted for preparation of the solid
motors; an update of the Payload Description Document transmits the
latest payload requirements and characteristics now that the experi-
ments have been defined. Also, the umbilical requirements for wiring
are submitted. Training of personnel and experimenter agencies is
completed. Flight subsystems are assembled and acceptance tested.
The first article is built up through subsystem functional tests and
acceptance until finally spacecraft system level is achieved. At this
time the spacecraft undergoes total system testing for approximately
two months. In the meantime the launch site facilities are shown to be
undergoing preparation, and AGE peculiar to launch or mission control
sites is shipped.

On Sheet 5, both Spacecraft No. 1 and the AGE are shipped
to Wallops Island for checkout, acceptance of a simulated experiment
package for system checkout and mating with the Scout, and then launch
with the flight experiment package. Note that the requirements for the
second Spacecraft mission are becoming available and the Baseline
Mission Objectives and Requirements for Spacecraft No. 2 are being
issued, The engineering and Product Specifications are then reviewed
in light of the No. 2 mission to assure design compatibility. It is well
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to point out that although the baseline spacecraft will be designed to
meet a basic set of mission requirements, this review loop has been
used to assure complete compatibility with specific mission require-
ment. Any necessary revisions are made to the engineering and
specifications to accommodate the second mission., The fabrication of
any necessary modifications to AGE parallels fabrication of the second
spacecraft. Mission No. 1 is completed approximately one month
prior to the final release of the approved Mission Directive and for
Spacecraft No., 2, The AGE is foreseen to be of two types: that which
will be retained at Wallops Island and the mission control site or that
to be recycled for checkout of the second spacecraft at the plant.
Accordingly, modifications of the AGE will be either made in the plant
after the AGE is recycled with modification engineering shipped to the
field for installation of the change hardware.

Sheet 6 shows the AGE being reverified for Spacecraft No. 2
and the subsystem acceptances and final system testing for the second
spacecraft system. It is well to note again how the Integrated System
Test Specification is updated to provide the detail control for total
system integration. The vertical wavy line refers to a reiterative
process to accommodate the third and final spacecrafts by having the
reader cycle back to essentially the middle of Sheet 5 and coming
through the flow again from there for each Spacecraft until the No, 4
article at which time contract settlement would occur after the final
reports and all hardware disposition had been accomplished. Milestone
numbers for the third and final Spacecrafts appear beneath the Major
Milestone triangles where applicable within parenthesis; the first
number refers to the third Spacecraft and the second or other number
refers to the fourth and final Spacecraft.

4,0 BIORESEARCH MODULE
MAJOR PROGRAM MILESTONE SCHEDULE

A printout of the calendar date by day, month, and year
appears first and is immediately followed by a three character number
(eg. A00) which is the milestone number. A brief description of the
milestone completes the line.

F-26



[-4 N9I4

-

| —

e
N\

G —0

CISATYNY L e

JANLONYLS

|
4

O STITERR

&l

*Adod m_am_mm»m isaq
e O
%ﬂ.l

wo4y padnpouiday
N TER T

DI 1 OIS YA AT

ASVATI Luvis

)

Q

200

< @IAOHILY

TR yE—— /\t/

Kof 45 HOUNIA

DHDNY NOISTET

AM/NOLLY AN WA LY

ONONI 7, 53dS AxG
4SVITIY LUVIE

B 2137400 ﬂ

MTATY KOIEIU ABVNINTTZ U

a1 AOudsY
0
NYTd ALAAVS dtudt
o Y gAY
- .ﬂ RIS RURAES

- . . NOISSIN/IINAYT LS3L o™ 8d

-~ o1 3 448 1015 KAISAS

<

CALVHDLLN NI ASYH o THd

QY AONAAY

AR DaasiDed N

15v .
1o I
NV YOYY a8

EASATYNY 2 NOLLINLAZD 7

. SINRDIY ~
AU/NOLLYANAWNMLENT

AnDUD LNINHOM NOISSTN

oo @

o)

aLAQHSIY AT RV Le T2

ATADUAY

2\ o4 ||A V
TINTARDIOU WYRDOUd a Tt

ESEL R

+ NOILDTIHE HOGNIA

DUDNI NDISTA

d¥ud 2345

NOIGH 1N PV UL T vaTnay

AA4A0¥dAVIaISYI T

NYTd LNTWADYN VIV

NOLLYD 14 DU WA LSAS

14VND4DVdS
AZTVNIL

-

- - IR0 LA
940 1 133HS cists T T T e e
b S PP N COs)
- - .‘ 1. 03a 1
NV1d WY390dd 979 | prjanvi ¢
JINGOW HO¥VISIVOIG
o meems oot <00 vow o m
P Y B I .
13/NOUYINIWNAISN
-
SNOLLY¥4O ZO—W&‘\H&E‘U(&
i
i
1
i
. ¢!
N avauv oo 2.
axuvaana s.vm 8 g
QISYA'LAY ¥ m
- G G32 FI¥A 14 3TOGINDS 1 ﬂ m *
‘MOS 'SNOI1LVILODEN WYuDOud m )
i

% 4SATYNY ¥ NOILIN|4 94
O =
BLNWOIY

TOMINOD IVWYIHL

A

(M)
N/ N0132 1735 HOONTA

DULNT NUIS G

Y NELIATY

DUDNT ¥ D2a¥ A3U
414 1uvis

A
} TOUINOD IWHEIHL
“ DUONT % Dads A 1Q
1 AEYIUAY Lavas

4t - SRR e
‘
¢
'
i

SIASATVRY 4 NOILINIA2q

TOUINOD TYWAIML

SLNROIN TYOILLIH1E

~\

O

.~ . N\ DHONL NDISAG 40:53@'
A

(D
NOLID1T3S HOUNRA

QIEATYNV ¥ NOLLINT{ 4

SINWO3Y

W

S 3NVY4 1N0dT04 |

AURLILLV/HVTS 0ULINGD FANLILLYIUV T

DHONT ¥ 8 AT
SV 1uvIS

| o = IWvad Inogiod |

hl ol It L]

TO¥INOD IANLILIY/NOUVZINEVLS

NOILAINOSIG 1571 WOd
#°r NOLLDAY OL M 4344
RELUIRETEY N

ALIALLOV
ALIALLOV (1-0) 3631 A - DNICADTHd
1x3n oL ALIALLDV® noys
BLATIROD Luvis
o
-
-~

safviamnoow S e HANOLSZTIN

" N KYUDOUS HOTVI
FLYQ ¥AANATYD OALVIDOSSY ¥O4 \

FINALNDS OL UASAY HATWAN INOLRITING

aN3937

N giNvyd 1nod

3

04

'
i

1
|
|

Vs /e



INPLESVI

LG NN ATk

. : : s oud YAV Y 10y S . . Z
M w“ 1a1inuls - _ 21

SOMA DUONT ¥ DAAT

'
R— S oevisn . 4
[ — ui:ux Q0¥ FURLINYLE \O’ Me N O @
N5V Ld 15OV EN 20410 3 Ny
. i . m/ .
in e . . A1INANQOD .
—. l& m PN 4 - _ : MIH ANTINAOTIAAG 14:Q) DUON'E 1 ONELS L ~ DHON I/DNTA LVL A~

. . Tendd - | — e I e . . @

{ ) NOLLISOdSIQ MK H801IBYLS - A\\C aunzooms erwms
o - E 2

v . JUNIINLS

AN ROUVIN IRy SN

.

SDAQ DHDNI ANV Dads

47 )81 1L

@ . ASVATTY AUVNINPTRUD

. GOWd IOV J¥/1sN1

Q

110V LNENOAvOD UKV Hovd BOON 18

d13tamod ).
for

PAIO0L At

P S R Y

N oniasat aga Ausisaa

/K LNINJOTRARA DHONAONLE 100 AL

NOLLISOSI

{ o :

AUFISNT JZPIVN IS

ONILEaL AdQ

MM VND
El
-
A5 NOLIVINIROUISNI

. JONA LEUL Lot

SNOLL YIS0 NOISSISHIINDY S -

Lot LAV 1 B 00
O O

SNOILYH 740 NOISSIN ST 11V

WIISAS 14vHITIvas f

usvanIn

A A A a0

1

RS CINTY A8V 1L

QIADY¥IAY

RV14 OILISLXT
. I

LRI

NI O N LIV ANNVIN

wvdrg

4T IV AL A 4A0Ndd Y

) NY'Id Hivaan ~ \u
CinvRaIN v azna S ”H_

WIISAS 1 4VHDIIVAS _

1042803 Tone 31l

I AZASIYND

SDAG DHONA ANV DTS
Qoyd HOv
TOULNOD IVAUIHL
04 FIVAIIY
INrLasve

47-v 4-v)SISAL

Ne
s Qv A ove woonan =

11123 LNANOSNO )

L 311dROD

{v-0 *r=d '6-Q) DHDNE A

AN

DNLIOOL A1 DUOK Y HIN'I TOOL AST

A/H LNIW4O'TIAIG IOA

NOILISOJSIY

ONILSAL AHG
10MIKOD IVHAHL

— s ST g

TIOULNOD TYWHIHL 32iTvNId I

/R TVOD BOL AXVATTY '
3N LS

/q . SOAT DUGN'Y GNV DS .

ONLLFIL AND

NV LSIL Lt DI dNOD

UO¥d TOHINOD AIVWHIHL

[P N,

100 tNOD Ty tnt

[ W21 {
' .
v
. .
(7-¥) 169 L
- ' q . 14420V LN INOMNOD i ANV MOV HOUN'TA
; ! 1 OO0 @
. ; E ALATINOD ANTSEY (Y
. i z v OHDNTSON'
. ¢ AIH ANINGOTAATG ! xS DNEIOOL ATt LHONTSONT 1001 DUONT/ON'Id 1SIL ANG " e
Tl M4 TYRG MO ISVITUY NOILISOdSta AQ AVDIALIDATY N/ TVIIRLD 1% FRITYNLL
L WSVl R
20U 1351 A v
/ R ‘ P ——— ONILSTL AZG SL 144DV dNOD !
@\ (W ﬁ aoud 1YDLITTE oo I
. s
I} -
TDYINGD 300111 1Y NOILLWZINIVIS |
rrevzavN 9 40 T 133H$
!
NY1J WYIOO0J 1IN0OW HOIVISTIONS |
¢
P e )
~oritvoanos = s
ANVINOD BOVwe GNY ) I LHOAOA )
—- - '
SUMG DHON NV D%as . (2-v ‘1) Stsay )y 2 H
ASVATIRYE AUVNINI TN, k £ - 1433V In " AIHS ANY M YOANA -
! HANLILLY/NVIS - ARANOAINOD _
€ - M/H ININAOI3AZA (1-Q) QUONH 3 ONILSHL AUC MLV ATG VTN ASSV LY 2 ONITOOL A0 = OHON /DK LSTL AN @
NOLLISOASiT NOUINOD YANLLLLY/UVLS A v-_-ol’xrza Ty Ty
. AHIYOO 404 HSVATHY il it .
' . N . in risvy FOAQ DHONT GNY D34S ONLLSIL AT 4 LSTL Lel 1 12¥ (VO !
T i QOWd TOULNOD .

SaALILLYIUVLS

QIR ION JNV'IE F5Vd HNIAEO@Hq Samvyd tnoaiod | | o — i anogros (L . LR e .;m_zgﬂaoaﬂou




A
- = 0¥d 1§31 14330V

AEWISSY - A v O

1
——r— o MVED TVDINVHOIR SLNGNOAWOD HOAW UYL N OUDNI/ONTA TO0L |
g . . 1-D} SLSIL JOOUd ¥ ASSY, - !
1 . N O _ (z-0) LsHL ;
HuoN 2 93ds gOH ~ . - /ONITaNVH ! )
Jo—— . </

AQV HOAW ALVAdN

STANVA HVTIOS

ONIY L¥OJANS

1AVAQTAIA OLO¥d GYS

L0ODS 143DV

035 Ldv 3

D0¥d 131 1dEDIV dWOD
YO T4 7001

ZdALOLOMd FMALIAULS NOILISOSIA

m DNI0OL M —

;

TOULNOD IANLILIV/NOLLVZINEVIS

+269-75WN

9 40 € 133HS

7~ {2-D) GLETL 1dADIV
N/ INGNQANOD N0V

~ O DNticaL /Yy
N/ ava inanodmod dov ” $3%0a35044 193

14320V “I¥YNOLLONAI JD

41HS QN NOVA NOANTA NY1J WYIOO¥d FINGOW HO¥YISIIONT -

- ZEEss Svrml DYV <02 KO8 O . - ;
QWONI/ONTd 00L ANVANED BOVaO G BB IBBIN LHONOA &

-
— s

Ay

2345 GOu4 ¥

O¥ANI IOV J1vadn

TAY MQuVE {2-v '1-¥) 1531

FUY MTUYH 3dALOLONA ITTWFSSY Ld3DDV LNENOIWOD

HHALOLOHd NOILISOdSIa

21274M0D bV 90 50} ) ' . ; ' . .
A 1eus 1v00 \J\ ) Y

~

/" §34na4O0ud 16aL TVRD

@va 1 ASSY LNANOIWOD

TOUINOD HANLILLV/AVLS

7\ g

- ! Y

< IWVY4 1N0G104 S - | _, o R L . T T /44 1NOAT04
& | oy S o — awvyd Looaaod! o . - B Bo.mu

) 3dAlolodd dIND3 OLOYd 8vd (ev) 1S3L
(=
: 14300V INGNOIWOD N/ s anv wovd woaNTA —
@nl.ll : i N/ tvenionnis aewassy suntonyis
YIAOD LNIW MAQXE 8V - - . - -~ - - -
- . AHINOL VN THOH 151
R ;> )
@ S 0Md 1SIL LATDDY JHOD
. . f e O
. - ~ /7 DUONE/ONTS 700
- SIUNAIDIOHL LEIL -~
. e e &
L4TD0¥ TYNOILONNS 3DV 34§ go¥d 1 < - \/ S
R DuDNa 30V aLvadn ; N 2V aquvH . (2-v) 1531 \O
— dTHS GNY HDVd MOAN. ~
JRo— . LdIDDY LNENODWOD
[ « N—/"20ud 1531 saa00v awoD o
* AdALOLONE HOILISOUSIT (210 *6-0 *9-B ‘¢-b) . - -
: — O
L8IL IvND fu/ 21681 o 1/ Id TO0L -
— ~ @
Y - \_ - g ~
SUNOLLYINIHOY ISNI
- i T SNOILY¥ 34O NOISSINISTLLITIVS '
. R . i
2 o , ‘ S Oy —a
N - . (o= - N N NV¥Td LS3L ‘1YNO : 1
: N/ puona smuruove S43ud LYOdNS/LEAL TYAD : : - .
T@ " e— T\
- -
{
715 TOU INGD NOISSIN 4 s> -
.@ JHONGYT O T !
. SOMA/DUONT OV o INIWADOA NOILAMIOSIT @J
T N B GYOTAVE ¥OJ
: BB .. SNOLLY Y340 NOISSIW/SIILINOVS LONI ITIAROD
- ' WILSAS 14VHIIINSS
[ . . D3dS LSIL WALSAS ‘ @
v v - B
@ 7 Wk | . R PR / 43 LVUDAINI FLVAdN
T A ALIALLDY Y - IS W
M NOLLYDIYEY, s
OILVOIYEV.A TALLDIASTY HOVI OL ~ uE.::ao/\ oty sauvds
= i . . :
N o
. e «
. SINOTH 4 SAALLIIMAO P 700
T < X AnXoOW
@ e NOISSTN GNITFSVE t "ON . 41314n0D ATIATM NOISIQ TVOLLIMD FTQVTIVAY 4naTing
A LNANI SIWOTE -
. LAVEDAIVS JUVITHL ’ {
y i SLWDEM NOISSTA / ONIMDVHL QVOTAVEL N ~
, . . Limens ‘AVOTAVL WITIL FTANOD A I Y y —— . .
LAJNI QTFIHS LVEH WITIHd — NOILDTTIS YSYN % NOLLYNIQHOOD (SILNINRIZAX3
: LOdNI SIWNDIY ) )
m ViVQ AMOLAZEVHL ¢ ADYHNDOY/IDNYIUHOSHTL .
. — «———
viva ATAVIIVAY HOLYIANY . .
N LN1Or
ANVNINIIINA ATIAZY Wrapd 34103 | . 14532 1¥N0) LNNINA, 2LA14WOD SNOLLVILODIN 250
. 0¥ LINOD TYNUIHL
. X i . . N/ dmis anv wova voanas O
(2-D) DLFIL 143! . . -5} §153. — ———
@ " il A VA . ATUNASEY OV TOUINOD r'O’ - ). ( oy ( vh“ { M- o
dD{E UNV NOVd HOUNIA X
~ ANINOAWOD 39V anvmanvy VB ; ATENISSY SISSYE /T INENOdKoD aov g ~ J0Ud 1SEL 14333V dWOD
ILETNOD D ~ ASSV/SIN:
l u‘/ A ) EANOAN
aN dALOLOYA NOVLIEOSIO QOIY §Y 1§38 TYRO/AZA \ SONd 1§34 TVAD 30V 02  Ne. 1 D e——— @, ( ~
s — Pa——— W TOULINOD TYWHTHL aov avd ) ONI00L N E ~ DEONE/ONT 100
e Qv INANOJWOD IOV M\ SXEAa30Ud 153l AT 35V TOKLNOGD TYWHAML . ‘ N
7 . (o N » PR h
. ' 14320V TVNOLLONAL JOV 5343 goud 4 e $ B A ‘ < : !
‘s . 7 % - N ~
] / DUONI HOV TLYALD A . 4 J\./.]
. MY MUV {6°0 '9°0 ‘LD '9-D B Q°10D LHDITA 14300V L dIHS ® ¥Ovd WOANIA v —
ILA1dNad ’ . . - : ——— )
€0 ‘20 '1-0) X —
24A4101048d NOILISOAIG o < (- KA Tty - \ o/ 5084 1531 14320V NOD. i
@ U . : N - N N\ I O Q/
. — 1521 TVNO TOBLNOD TYNUIHL . T i e v NITOOL ~ >={_ ouona 3 owia 001 !
- 1 R Al
\ - \ / -
& - . Tain03 TemIHL N
rametalit - — - w1037 1
,
- { .
y . \_ 20ua 1531 1aa20v amod .
{z-0) L§TL LITDIV - - -
ANINOIWOD 30V dIHZ ANY JDVd JOGNTA " B
— ONITO0L
STUNA3D08d 1842 : !
ﬁm ﬁ U V4 ININOINOD Z0V O $13 SOMT DUDNT ARV ~ |
143DV TYNOLLIONNS TDV ouds abud v \ O i
= DNDNZ A9V aLvadn ! - — 5243 QO DV TYOILOINE
- N Y . FYY MTUVH * (2-v} LSl EEVATIY
§ - - ).
i i B dALOLOUA 3TTNASSY 14300V LNGNOAWOD AUVNINITREL
ZLITINOD '
TdALOLONA NOLLISO49IQ = (6= ‘4-0 *1-D '9-0 ‘¢-0) Lo £
= J 09
. - ~ av4 % "ASSY INENOJWOD
@ ASIL VAL TYOMMLDATa SIURATIOUA L1521 VD HNIT0OL '
Oy - e Q
e \ .
@‘ _ A Tow12373
mfﬂ B

QIWILI 0N JINVTE §DVd DNITaBTag




s A —

i *Ado> s|qe|ieae |saq
woJsj pasnpousday

-4 34N9T4

= —

~

X2 Wain( 53ds 1DRA0Ud T

ASSV % TANVD
QAddy 2349 1ONGOHY T

WVIOP UBXIA Y

ALUNANOD DUDNI u::rud:u NO1LOE LUOdnS LAOIS

7t

MDIHD L14/1d3DIY

<uhuilou OUONT 3DV “TVOINVHIAN

!

21v1d d34Y

\

— ) '

- 143420V ININOJWOD
/ r“ -,
-\ ~ ~

s (v ‘(-v} ZURLDNWAS

!

i

dIHS ANV XDV HOaNTA
21SYA ATAWISSY

STUNAIDOU 163L
2%s LAV ALVOdUVd

ADNYLAHODY INANOINOD
WIS

B ERETY

$OMQ DYDNR 1 DFd3

qod FUALDNVLE TLVAA

SNINOLLY LN INY LSNI

{2-D) 9LETL L43DDV

[ —O

"TYNOILINRS ¥ ASSY ITOSNOD

ININOANOD 3DV

— )

N/ c1nanodmon 3oV uvse

QALAY D34S LONAOHA ¥ /——

L4TANOD DUDNT HOV 4¥/LENT

Al .. N (2-¥) 54541 \a O
( \f\ Ld330V ININOAWOD /.\P . - ADIS GNY %DV HOUNIA
. Ar

£3¥NQII0Nd 1831

|
_M_

~ (4-v ‘€-¥) S1531

ROILYDIAUVS

FINVLLUADIV INANCINOD

Q>AE<HHA- IDRgOoNd HONYLIAAIIV ATENITEY
ﬂ,u..m % 3.43°TdNGD DUONT LU/ LENT

AESY /LNANOSWOD

AUNQH AN INYLSN

a .

,

S4d¥A SALITOVS

LI HINAYD

A0V LIS KONV

AlHg ¥ HOVL

\%

FVUVAY 30V TV

DUDNI NOLLVTIV.ASN]

=

” ~ L7

! hNGIRY

DATLVILODIN 38N LNIOT

, V- !

N,

OHONZ % D3d8 GOHd

SNOYI VU340 NOSSIR ST111 1DV 4

N\

AY/LSND JAvTdD

= Ny 7
N\,

M 4L37dHOD SNOLLVILODAN ASH INIOT
(£+D} $43%d NOLLYLE GNNOUD R FTGVIIYAY YLF GO /\
YA

FIGYTVAY ALITIOVA

11-0) LNORDAHD

O e e——

SdBY SAILITIOVA

THILEAS ANNOUD

> O ()
/l\/ N ogma Ly aov vt Y

ATYIVAY 4DV

FLITANOD .59.3:4

ALITIOVLISAS OND DOUA 1NORDIHI

SAS OND did

'Y

[TNA]

3OV ALIS HINOV'T

Dm0 ADVIYALND .
GYOTIAVd 3ZITVNLY

X

~

UDVANIING A0V JZITYNIL

N

L0dN1 Livans

10dNi Lovang

IVOITIGND A2IIVNL

ANTW 0T NOLLAINDSIA

HONVILRDIV

NOILD3JSNI NOLLVENDIINGD

111UV 1814

WILEAF LAVHIIIVAS

*

. -V} S1§a1
A I v WILERE LIVUOTDVAS

JOV AuvdaaEd

. * GVGTAVM OL LOdNI
| ENDLLYY 340 NOISSISILI VY I
| RIUSAS L IVRIIIVES | .
{
| - — I D38 1STL WALSAS
; - ! )
[ T H Ry at UALVEOULNT ALVALN
Ony. Fay,
2, Ve,
9305, . 05, . N Py, oy, 6411 IT1D¥.4 ANV
P¥ing, Oy, Wy, T334 225, ’ IV I LIV
Fang, 2 Ty, uuuwu qv&fu wszua | Aiaawod ONINIVYL AuvdAa
’ v, hE ¥, ¥, 2, ONINTYHL TTY
(LN -y “Lsn, Ty g
! Iy s \pry ATy
e " QL LT 07

L e\
_‘—IOFQHH<:F | NOISSIN

V Vi V

(F-¥) DNILEAL HINVIAIDDIV/IVNOILONDS HLLSASHNS

AN-@'UND NALSAS LHYLS ATAV VAV

4 3DV A INUODEIV

‘ﬁ >w; LLOV GV AATIORASIN HIVE WOuS
i

Tl

Aavam ¥3Lsoon v

4NANT ROLOR NOISEIN

aziLngns

"ON LAVNDADVAR
TAOULAV/IZITYNIL

WILSAS L4VHIIIVGS

| TowiNaD NI

{1-0] 81541 LdAVOV.

ATTINASEY FISEVILD

QALY DS LINAOME T “IVNOLLONN % ASSY 2IOSNOD

3LI'INOD DEONT OV "10UINOY IVIATH

/

ANIS ANV ADVA HOANIA

i

[

$240-75¥

9 40 ¥ 133HS

NYW WYI00U4 1N0OW 10¥VISTHON

FEmUL Gas 11 VY 19O LG w8 O
s MO OO MOV,
ANVENOD BOVeB ONY SR

IR B.OZ ANVII HOVd ONIGIDIY T

L -
+

\\} {7-¥ 1r¥) SLRAL
. \\,‘\ L4°1D0Y LNANDINOD O H ~
A"
. (y-v ‘5-v} 81831 HoLLVIINUVL N HONY.LA3ODY ANTNOANOS @
TLNANOANOD Ny
1 HONVIAIOOVY ATTNIASEY AsSV R IERTES
) j N ﬂ N \ DEONT ¥ DAdS @
(12t AddY D 120n00Md 4 <
' > = - -— C 10Ud TOWLNOD
PR — <1=._.,._‘Ezcu DHONS TOUINOD TYWHIHL | _ AvWuzHL 3LYAAR
TYOI1217 # -
t
. [ \ |
. L Euuﬁom' ATUNISIY SISSYHD o~ !
A I
” w CIYNQILINNA % ASSY H'IOSNOD ——
. . _ " ‘
3 , IHS UNY NOVid HOONIA
» # £ARNAND0YA 1831
' j ~ {y-v ‘f-v) BLEAL HONYLAADOV INTNOHOD
, Y UINVLANIOV AIIMISEY N 0¥ONT ¥ 2243 GOUd
m [Tyl N QA4DY DRdf LONGON [
it - - - AYDINLDINT ALVAUN
WL < 1 ALTT4WOD olioNa TYDNELDITR _ - - -— C e ———r—

IOUINOTHANLLLV.NOILY 21 e 15 ) / |
- ! |
N . (1-9) SLSI4 L4TDDY ||O ATRWASEY SISEVID _
' . K "

. AYNOILDNNG ¥ ASSY 4I0SNOD i
n QAAAY DTS LOOUON 4 TLATENOD |
i ~ (7ev ‘1-v) sasaL DUBNT AOV TOUINGD YANLILLVIUVLS Frp— !
_ ) \f\ 1d3DDV LNINOAWO Oﬂ\ _,
. . ¢ .
. (5+v "(-V) LEUL IQ NOLLYOIMGV.L —~ |
- L : " z o N S9ONT % DS GOUd t
: QAddv D34g 10000 ¥ w R N AINVIAEIIV ATRAGTSY ASSV/ININOINOD
‘ EHJLIDU‘DI%H 7OHLINQD IANLILLY/OVLS

o

. =7 3WVelInogiod- o — - o

TOMANOD HADLILLY
/9v1s azvadn

" awva Trioae |



apIu SV

wn
[ag]

l-4 NN3I4

HVNO8 QXIS

ASRY T LINV]

v

{2-D) 14510 14400V
) e

SNOLLINN LENE A0

N/ ANIROROD /I\A/

N
NS

ATHS 7 NIV BOANTA O/

DI £V DO¥d
AL LAADDV ALY

NOLLDYS 1MOddnsinons

HIEHI 114110V

{

-y 'g-v) HBALDNNLS

IVIIUINN

@

ALYl d 1D

[

3

<

(-v) SES9L

DSV ATUNFESY

. . ,.>a0u m_ﬁm__m>m saq @b . 2
woyy padnpoiday

D48 1IN0 ALY

” 275 LY ALY

i

DY dHOD)

aoau SV sudN

VO SAON R0V V4 O

L4EDIV INIANOANOD

O/

———

—

HuDNE Y

b

LS4 LAADDY AN

{2-) 1531 183DV

INANDIINGD .

At

4

15 3 WDVA HOaNAA

CDTY SV HOud
R4l 1d3DDY ATY

{+-¥ 5=Vl S

HINYVLLADDY

b

sV

| PUNSES

ANIS ¥ NIV HOUNIA

A . aDJ¥ sv 2084

1§31 142DV A9H

Ay »}q

QAddY 24dS LONUON 7 H131dNOD

ONONT IOV TYDINVHITIX

and

aDIH SV NOISTATY DUONT

197245 GOUL ARALIAULS

. ~Jw7

dV D3dS LOAGORL ¥ FLITIHOD
ouoNg uu:._.ua.:m/\

DAY BY NOISIANY DUDNT

/D778 O0Ud IOV 4TV

TAdAY ITAS LINCOYL T TLITINOD v

7

DHONT ZOV S/ LENL

QAddY 2345 10nQ00d 1 ukuanlcun.ooul\

\./\.

DMONZ 4M/LONI

Fan

oon 7

ATAVIVAY 3OV TIV

DHONZ NOILVIIVLSNG

51§ 1SHLE HOS AQVIH UILSOO!

FERY QDM SV NOISTATY DUDN N\ &
.l { —_
- ~ 19348 GOY¥d LH/LSNI
. . 4118 NO UQLS Y
<4 3 i~
| . : " : - . NOISSTH TIVLENE
/ ” “ "
’ \1 1¥0dans D1 AQvAY « . LOONDIHD GOV NOISSTH
. SNILSAS AND
. SLMOJTY . MOVd dX3 — - \
7 HOOIMIIND * HINAV'E c QALY LIS NOLLISOASIT \Jm DUONZ ADVUOLS d AU -
- = —_—
Dox 70X "0X) . ~ ONTNIVA HOYLLV
. . \\IA\ SNOLLVH34O ~ /\J L00¥DIHD » YAnviE Hiv ¥3Ldvay
— — — N . .
20V NOISSN frunoas 140ddNS NOISSIN 1NNOD IVNINEAL AN-QTINA KALSAS HONAYT ~— WELSAS HONAVT \A . 4NODE OL ALYN % 0/% ONVIVE NIdE oﬁ.!:m basd
aarvNwuaL NOLNISNE NO D/E 181
22d5 15391 HAISAS \% - N\ A4S 153U WaLsAs
axuvuoaznthivaan (\ﬂ/ AILYMDULN ALvadn .
. N HR
o01x M
SasaTvay viva N7 -
I S nOb\ /\
AUVIGN NS NOISSEY ANVAINd 11 1 .
. % QTLYHOIHOON 113 .
. ALATANOD NOISHIN Lsutd
1100 709
TALLDTNIG NOISEIN
7 "ON 24VHDIDVAS | I
TAOUIHYIAZITYNLS :
. tsou_"s0m) '
YL¥Q A801O '
ﬁ.‘l () — O‘I (161 *z0 *so1)
VADHAAY U L A avanrIang Aziaay 3 ~ SLWDAN NOISEIN - O
ANOLIALVYL TYNIA LINENS) w N avorave nivaud amiawod
iy com awsgazve \(u/ ]
- 1
- A~ aoay sv sapiv D LS 1OV ” — TS/
N4 A\ QAddY 33ds $D0G0¥d ¥ H1ITSHOD
- 30v suodfit R . ANINOIROD DMONA IOV TOYLINOD TYNUIHL
SNO1LONY LSNT GOW - - GOTY SV NOIRIASH DUDNT
@ A 12148 QOY¥d IOV 42U
- (7ov “1-¥) §153L s v DV oA
@ll A 1AYDIVIININOANOD N R— -
53d8 1500044 7 ALIVNOD
Y o Tson/

(y-v 'i-v) &

HONVI4ADD)

LS9L

Assv
=y

NOULYDINAY L

ASSY/INANOAROD

-
S

SLIN QOW dIH}

aDHY SV

—— }s‘l‘l.l..

~

(A

A v EELTZEER

1531

AsSV

o 1
ﬁ u 4OV JUCONT

@ O .
NS s aom anskrRave
. . avan sv haon
\\ a 4DV duboNt

SAOM 4DV Gv.4 ~

1831 14300V A3Y

S —

DuoNT ¥

12-0) L8UL 344D
(20 asaL sau0ov
./ LNANOUINOD O

TEAL 144DV AdY

111§ 7 NDYA HOANIA

a1 sy Houd

LN

12-¥} SigaL

LAAMDIV ANANOANDD

NOLLYDDIUY S

N
/

ASSY/LNINOLIOD O‘/

dlHS 1 NIV HOANIA

GO%U S¥ DOud

ASAL 144DV ADH

Al 3 XDV HOANTA

(5% "1¥) SIg9L

~

On

¢

ANV LI

v ASSY

N
S

LA OVIIRIRGANOD e

|

N\ S T OV HOnNA
" Ao $v 0

NOLLY IMgVa

ASSV/ NN

)
N b gaoay asn

Tt e

QIR ION JANVIg dOVd ONIGHOTYJ

— /

Cawvdd wmogiod | T

A

"

Gaow HOY BVA e~ g (79 154 L2 . . ~
e e
9 e = T T {(
2¥DKT 4 /\l/ raed P anan sv soud
SNOIL IMHLSNT GON - ““ A 15711 LAADIV AT

aAdd

O £V NOISIAZY D!

avRdaHL

197d$ WOYd "TONINOD

DUDNZ 10U LNOD TYHHTHL

N

3

QD14 SV NOISTATE DHONT

N/

TAddY DIS LONAOYUA ¥ ULITANOD

D¥ONA DV .:u.:uu._u/\

19345 Q0K 3DV d¥US

aad

QDI SV NDISIATE OYONI

13345 GOMd TVOIN1D3TL

4V DIdS LONAONR T H1TTAWED T

DUDNY TVIINLIATI

BIWDIY ¥ §AALLDATEC
N

7 "ON L4VHDIDVAS uxﬁu?ﬁ

NOISSIN INITASYE

e

L Sddd ALTTIOVA

10ORDIHD WALSAS

LAVEDADVS

\

Sdand LAVEDLDOVS

A _r—

N MOGLNNOD

LAVHDADVAS adud
100XDTND NILSAT

IOV 119 KONOVT
£auna3o0ud

A0V HINAVT

LNONDAHD/ONITANVH
NOILDd EN] DNIAIIOIH

14YUDIDVAS

LNANT SINDAY

DNINOVEL VOTAYd

104Nt QTIINE

LvaH WITANG

/O L0dNT SLNO3Y “ o

- ADYNNDOV/IINYNIOINES

\—

500 *900 "t00}

ATAVUVAY NOVL
INFANAA X LHOITS QILVIANIS

NOILVNIQ®OOD {S)INANIIXAXE

2OV INS/AIVI

7 1DANKRODEW

1 *ON L4VEDZOVIS

ATHS ¥ ROVE

— X7

an,

QUON3 4DV TOMINGD un::::n:u/\

ddV D349 LINA0Y * ILITANOD

ana,
/ .
“\ G03¥ 5Y NOISIATY DUDNT

19245 QO TOULNO!

ua::p._.:n:u

4y DIIE LDNAOYA A ALATAWOD \ 101 7
OWONY TOULNOD 3ANLILLV/AYLS

>

Wvdd 1000703 |

yeva- TSR 9 40 § 133HS

NYI4 WYI00TU4 JINCOW 1DEVISINOIN

e G BV L UG YO8

ANVINGD BOVS ONY SBUBOUN 1HONOA

\ NV LNOaTOT

4!

t
)
_



LE

[ Smva wivms] ot 3Tee Trevn_ov .w..[w.ﬂ

o

9 40 ¢ 133HS €184 T T e

i = - W™ L azs U e kL
' - _ .. teodat |
i NV1d WY390ud e
JINGOW HIUV3ISIYOIY =

SRR MY xps BYIIVO S OEO ¥OB O - J— 1 -

ol o dlardmaprt

AR T S RSN Bimnon | md—aein |

J8N1INULS

JNSIS

§DMQ DONT 7 DdS LONADRJ IOV TWNLONULS 0L

K4
Adod> a|qe|leAe 153G ,
wousy vou:mohamm

£DAG DWONT ¥ 23d$ 1DNGOUA WYBLONWLY O

JU/NOUVINIWNUEISNI

SOMQ OUONT ¥ D34S 1ONAOYA IOV JA/LSNT oL

SOAG DRONT ¥ DHdS 10NQOUd JU/LENL 101

SNOILYEI4O NOISSIW/AILINDYS

VN A

terx cmix)

———t——n —

GOIM SV 3OV N

[T rw—r——

aoay sv¥

A4
e
S

wans “ M

sED1LvHAdQ
hoxoauy ‘ot

L _

S4TM LAVEITOVAS

NMOUINNOD 4SIATY ”u7

LAONOAND TDV HONAYT

NOLLDAJSN

ONIADN LAYUDROVAS

m ADY NOLLISOJSIT ” =
| aiaidon
- LNINZILLES

nveooud

WIISAS 1IVEIIDVES

” SL1¥0dTH TVNIL U

NOISSDY HLENOL .

aLvadn IN 14 THDEHQ AVOTAYYS 0L

——

\

FLVAAN OIS WALEAS QALVEDUING 0L

SLADIY 1 $4AILIFIEO

NOISSIN 3NITISVE

F “ON LAVUDROVAS didHd

1NdN) SIKOTH ONTHOVEL

avo1AvVd GVLSY

LOANT QTIHELYAH KITANL
10 N1 SLNOY
ADVHNDDV 1 ADNVWEOJu3d

.\//
N\

0ISSDY GO

{ | \

G0 sv 4oV

ot ¥ s0ud fonnv aok

OREHINVIL 1000 I¥1A4E DAQ BOVANALN

avoIAvd 4ZITVNId
LndNE LEVENS

v,
@x 3DV QTWOLE HOVANA

GOIY §¥ ORT

oo ot q
. atavivavV vis ano oema

4DV4NIINT 2DV SLvadn

60X _"01%)
QoY SV SLNOIY

TVOITIGNN ONTMIM RLYALD

N

T

AIHS 7 XDV

1 29V LDANNODSIT

{tos ‘zost
” A41HS 7 WOV O

uuzﬁ.zuuﬁ{l

WALSAS LIVHDIOVAS

|
.
w ,

AINVLLIDOV 1AVEDIDVES

NOILOTTRS (SLINAWRIHAX A

TOULINOD TYWYIHI

SDMQ DUDNT 4 DXdS 1DNAOW OV TOUINOD TYNHAHL OL

#DAG DMDNTZ 1 DFdS 4DNAO0Hd TONINOD TYINIHL 0L

{1-0) K314AANY

uru.,...:ouAvez...N

|y SouvIL0oIN 90 INIOT

EVED
‘4N WTUVD §AS AND
4LITANDD

go4Y $v J0Ud

is- v} ONLLEIL WALEAS

{10m ‘vore)

o,
o, Wy, tomy,
Ly 23, s,
20y Y, Dy
Yy, u::u .:55
S, 1y Digg
(gon_‘gorth or oW ) (zon 1o} t5om ‘a1
1t \cin ] Iy S

(y-¥} ONILEIL

10 704}

Van

\4

FONYLLRIDV/IYNOILONDS WALSASUNS

T Om——

£43¥d ALITIOVE

3IANQADONE 153 LAY

WILSAS OND dHd
1NINAD00 *141UDEI

avoAvd OL LOANI

(10 "20A) 150A_*90A}

o7
\ A—
RQvaY UIALSOOE \y L0dNT 1INERS

. ¥1va 4O ION NOTSSTN —

TVNLL 404 LDdNI

D3d§ LEIL WIIBAS

QILYEDAINI IIVALD

oM

o

R

{TTO¥INOD JONLLLY/NOUYZINGVIS

(THINTTITT TOWAT ST TSTTeT rrem

FOKA QYONA ¥ D2dS 1DNGOHA IDY TYONLOATY 0L

SOME DHDNT 4 D34S 1DNAOUA TVDIIDITE ‘Ol

DNT 1 DA4S 1DNGOY 4OV TOINOGD JAALILLY/AVIS 104

¢

SOMQ DUONI ¥ DAdS TOYANGD BARLILLV/AVLS 0L

~ SINVIT TOonTNd - |

“Z ANV L0ooaod |




PRECEDING PAGE BLANK NOT FILMED

73dS Q0o¥d QNY O¥ON3 VDI NLIDINI-M/H

5dS COUd/OHANT 39Y% NOMINOD IANLILLY/9VIS-M/H
73dS N0¥d ANV 9¥ONI A¥/LISNI-M/H

D3dS dndd ANV O¥ON3 TO¥INOD IVWYIHLI-M/H

DdS QO¥d ANV 9¥ON3 TO¥INOD 3QNLILLVY/8V1IS-M/H

Q3IANYAdY NYId NOTLVATLDOV S3TLITTIOVYI NOISSIW. ANV
-  D3dS/SOMQ/9¥ON3 A3Q 3SV3INIY LYViS
Q3A0¥ddV NVId AL34VS
Q3A0dddVY NVId 1447 1W3
1531 W3LSAS Q3LVY93INI 3INIISVY
- D3dS/S9OMA/9¥ONI A3Q 3SVITIY LAVIS

IVNO/ ¥ad
vNe/¥ad
AIVYNO/¥AD
AVNO/ ¥AdD
IVNO/ ¥AD

y0d
404
404
yod
404

13y
13y
13y
13y
13y

JATLDO3™IA 1NOYND3IHD JNV NOISSIAW 3INSSI
2dSA0Ud/OYONT ¥Y19 ONTANVH/IOV FANLONYLS-M/H IVNOD/¥GD ¥O4 13
uuam Q0¥d ANV O¥ON3 IUNLIDNAULS-M/H IVNO/¥AD ¥O4 13¥
S1S3LIN3WAOTIA3C SS3ID0YUd/ WWIYILVW 34V7ld al10>

3137dW0OD MITAIY NOIS3IA AYVNIWIT3IYd
A3A0¥ddY NVId vD/d WvY¥O0dd
$HONNVT¢1S31

RASRR-FRERIE

3<v3iN3y

4¥/NOTLVINIWNYLSNI

3SV3T3Y 3381 9MA/D3dS/LINIWNO00 Wvyo0ud
- 23dS/SOMA/9¥9N3 A3Q 3ISVv3I3IA LYVIS

TOYLINOD TVYWH3IHL

IL 230 6 /A3Y -

A7NA3uDS ANDLSIATIW WYHO0OUd HOrvi

JANLONYLS
TOYINOD 3ANLILLIV/HYVLS

03dS

-  D23dS/SOMA/9¥9N3 A3Q 3SV3IN3Y LAVLS
- D3dS/SOMA/OYONI A3d IASVIT3Y LYVIS
G3A0MddY Nv1Id 1S31 3TNAOW HOAVISIYOId
ASYIANIY NOILVDI4ID3dS zouwwmi -
A3A0¥ddY - 3ISVIT3IY NOILVII4ID3dS W3ILSAS 14v¥D3DOVdS
‘QAANHAAY NVId INIWIDOVYNYW WVYHO0Ud ITNAOW HOAVISIYOIdG

w.<z VIA Duw<u4um S3ITINAIHDS/SMOS/S1390N8 WVYHO0dd
AQV3HY 09 WVY90¥d

NOI11d13¥253Q 3INOLS3ININW

3nssSI

3NINg
INITg
ININg
aNInd

3NITE

>15vE
INITE

ININg.

LIvVLS

A¥OL1D3rvyli TTYNIWON

ITNAOW HOYVY3IS3IA0TIA

%0712L2180

eT112L116¢
0T2LTTIHLE
9024 114w
CoNeLiTLL
C09cdLliit
LTCLTLol
2TicLiich
T0oalLolge
QorcloQty
£0d02L808¢
2022L808<
moumhmomm
8022L805¢
L022L806¢
%042L80¢¢
LcdaLsot
404<¢L800uU
IXERAR Tk AV
80d4éLL01c¢
1odeLLole
0082LLO1LC
6042L900¢
1082L90¢¢
2082L9091
€082L9060
o00oVvZLSe0ls
OW
YA VU
4lvd

F-39



T°ON D/S = IvAO¥ddY 404 % T NVYWON( AYOLDIrVYL TYNIH4 1IWENS
3137dW0D 9YONI ANV (03IA0MNAdY D34S A0dd 39V IVDIYL1D3IT3
3134WOD OYONI ONV A3A0¥ddY D3dS QO¥d 39V 44/NOILVINIWNYLISNI
F137dW0D 9¥ONI ANV Q3A0¥ddVY D34S 4od¥d 1vOI¥1dD313

FLINAWND 9UINI ANY Q3A0MddY D34S an¥d IOV TOYLNOD 3anlILlv/gvis
AL37dWOD O4ONI ANV A3A0Y¥ddY D3IdS A0¥d 4¥/NOILVINIWNNLSNI
3137dWOD 9YONI ANV Q3A0¥ddV D34S dO¥d 39V T0AINOD TVWHIHL
3137dWOD 9¥ON3I ANV J3A0¥ddY D3IdS dO¥d TOHLINOD IvWY3IHL

T °ON D/S = VIVA AYQLO3rvyLl AYVYNIWII3I¥d IAI3IDIY

3137dW0D 9YONI ANV d3A0¥ddVY D34S dO¥d TOMINOD 3IANLlllv/avis
T *ON D/S - SINWD3Y NOISSIW QVOIAVd AYYNIWIII¥d ISVIIIY
3137dW0D 1S3L NG 34NLONYLS

3L3TdWOD LS3L1 IVNO 4Y/NOILVINIWNYLSNI

3131dWOD 1S3L1 IYNO IvDI¥LD3IT3

3137dW0OD 1S3L TWNO/A3IQ 39V TOHLNOD TvwdIHL

3137dWOD ONINOISIAOYd S3YVdS

3137dW0D L1S3L vND TOULNOD IVWY3IHL

3137dW0OD 1S31 IVND TOYLINOD 3IGNLILLIV/8VLS

3137dWOD SNOILVYILO093N 3sSn INIOr

ONILS3L IVNO DSWA ¥0d4 - 3I18YTIVAV ¥OLVINWIS IN3IWIY3Idx3
3131dWOD M3IAFY NOISIQ TvDILIND

@350d0¥d - 3IT8YIIVAY X3IANI/ONILSIT 39VSN INIOr ANV S3¥vdS
3SVYIIIY DIJS~-SINWDIY SITLITNIOVY NOISSIW/HONNVI/LS3L

M3TA3Y NOIS3IA ¥04 F1GVIIVAY dNADOAN 14VID3IDVdS

IVAONAAY NVId ONINIVYL ¥IUINIWIYIAXI/WYHYO0ud
AM/NOTLIVINIWNYISNT - 3137dWOD ONILS3L INIWJOTIIA3GQ

JOYLINOD TYWY3IHL — 3137dWOD ONILS3IL LN3IWJOTI3A3Q

IYDIYLD313 - 313TdWOD ONILSIL INIWJOI3A3Q

J0YLINOD 3CNLILLV/8Y 1S - 31374W0D ONIL1S3L IN3IWJ0I3A3Q
IYNLONYLS — 3LITAWOD ONILS3IL LNIWdOIIAIQ

INIWND0Q NOILdI¥DS3A AVOTAVd OL VIVA IDVIYIINI/ZLNGNI LIWENS
QIN0dddY NYId ONIJNLDOVINNVW

IVACYddY NV1d SDILSI90T

23dS A0¥d AONV 9%9N3 39V T¥DIYLD3IN3I-M/H TvNO/¥0D ¥O4 13y 3INITg
Q3A0t dd¥ NV1d ¥1Vd3¥ GNV IONYNILNIVW

D3dS QO¥d aNY OYONI IOV 4N/ LSNI-M/H 1vNe/¥ad ¥04 139 3INII9
D3dS QO¥d ANY O¥ONI 29V TOYINOD TVWYIHLI-M/H TVND/¥AD ¥04 13y 3INITE

80YHL908¢
611%L908¢
12A%L901¢
e0I7L90%1
B1I%LG01le
60 LG0ONC
02%Ls0L L
SovLeo0l
CTaLS9¢
LOI9LS0e U
CIAYLH0GU
90ANLHC LU
SOAYLEQGL
codvLeosl
édodvLeQ LU
Y00%L202¢
£E0dWLZ0odlc
1odwLeoed
YOHWLZO Ty
1abelollu
OCWeEL Y9y
tTdeLecue
904eleCle
ZéngeleCce
102¢eL20C¢E
S0relLeped
goreleced
2oreleoted
Toreleosi
90reLego]l
CldeleQou
950¢ell060
2O2eLT1GGU
7112L2T16¢
40D22.L21¢¢
91122161
a11dLzZisl

F-40



2 °*ON D/S - 3DNVIdIDOV W3LSASENS IWDIYLD3T3

Z *ON D/S - 3ADNVLIH3IDOV WILSASENS IJANLONALS

2 *ON D/S Q311IWENS VIVA HOLOW NOISSIW TvNI4d

Z *ON D/S '1S31 SAS ¥04 JOSWA LV 313T7dWOD LNOMND3IHD DVI/SAS ONO
Z *ON D/S 40 LNOMD3IHD ¥04 31GVIIVAV NOILVLIS ANNOYO DSWA
IAT1LD3YIA NOISSIW 2 °ON L4¥¥D3DVdS 3A0UddV ANV 3ZIVNIA

2 °ON D/S = SIN3WININO3IY IVOINIEGWN ONIYIM LNdINI
AVAONdGY ¥Od4 #S INO NVWOM( A¥OLDIrvdl TYNId4 LIWSNS
J131dAN0D 130ddNS NOISSIW 1Sy¥Id

Z°ON D/S = ¥V1va AYOLD3rvil AYVYNIWII3dd 3A13OIY

Z *ON D/S - SINWD3Y NOISSIW QVOAVYd AYVYNIWIII¥d 3Sv3I3y

) SNOI1VY3dO NOISSIW L¥VIS - NOILYISNI T°ON D/S

T°ON D/S Y04 AQV3Y¥ ¥315004d

T *ON D/S - LIN3IWND0A NMOGINNQGD o0l LNdNI NMOGLINNOD D/S 1IWYNS

T *ON D/S NI NOILY3ISNI ¥Od4 AQVIY MDOvd IN3IWIY¥ILX3 LHOIA

Q1314 - T°ON D/S 40 LNOMD3IHD ¥04 TIVAV dDOVd INIWIYILX3 dILVINWIS
T*ON D/S 1¥0ddNS 01 AQVY3Y SWILSAS GNNOYD NOISSIW/HONNVI

3137dWOD 1DV4 - IDNVLIHIDOV WILSAS T°ON D/S

‘T *ON D/S = (Q3L1IWENS ONIMYYQA 3DVIY3ILINI QVOIAVd OL 1NdNI

1°0ON D/S - Q31LIWENS ONIMVEA JDVIYILNI 39V OL LNdNI

1 *ON D/S - IVACYHddY AY¥Y0LD3rvyl t NVWOY NOISSIW

1°0ON D/S = 3IDONVLIdIDOV WILSASENS TOYINOD 3dNLILlLlv /9Vi1S

T *ON D/S — 3IDNVLIHIDOV WILSASANS TTOHINOD TTVWYIHL

T°ON O>/S = 3DNVLd3IDOV WILSASENS J¥/ NOILVINIWNYLSNI

1 °*ON D/S — 3DNVLd3IDDV WILSASENS vDOIyLD3T3

T °ON D/S - 3DNV1d3IDDOV WILSASENS JYNLDONALS

T *ON D/S - Q31LIWENS VIVA ¥OLOW NOISSIW TIVNI4

. 73A37 W3LSAS 0L T°ON D/S 40 dN-Q1ING LYVIS

T *ON D/S 1S31 SAS ¥O4 DSWA 1V 3137dWOD LNOMND3IHD DV4/SAS ANO
379VIINAY #3719VIIVAY 39V ANV 3INYOGYIV( S3IYVdS LHOITA

. 3137dWOD S3SIN0D ONINIVAL

T *ON D/S 40 1NOMD3HD ¥04 ITGVIIVAV NOILVLS ANNOYD DSWA
JATLD3IHIQ NOISSIW T °*ON 14v¥D3D¥dS 3A0¥ddY ANV 3IZI1VNId

T *ON D/S = SINIWIYINO3IY IVOITIGWN ONIYIM LNAONI

: , _ 37gVIIVAY 39v 1y
NOIL1VIIVISNI 39V ¥04d INGVIIVAVY ALITIDOVH4 L1S3L W3ILSAS D/S

3137dW0D O¥ONI ANV J3IA0YddVY D3dS A dd ¥V3IO ONITANVH/ 39V IUNLONYLS
J137dW03 OYONI ANV G3A0dd( Y D3dS d0¥d WILSASHNS 33NLONAULS

¢°ON J/S -

CINGL609C
GIWGLED6 L

‘LOAGLO01Y

€ONGL60TU
60NGLBCLT
£096L808C
TIxsL80%0
Lo¥GL90LE
%0AGLI9CTLC
LTY9L508u
LIASLROYU
70XGL20iy
HOAGLTCLIL
0ZXsL1061
%016410%kU
80O%L21Ck
oMy LZT91
70SHLZT9U
BOXHLITLE
SIXHLLITINY
70dvL0LTL
9TwwLOTLCT
S8IW®LOTLU
oliw®L609¢
LTnwL 6061
oZnwiegpct
BOA®LE0CU
000%L6CeL
HON©L6020
€00%L80¢2
2004%L80¢€2
OIN%L8CZI
%09%L8060
2IXHLE04y
9ONWLLO6C
GONWLLOGC
2219l L0811
iTIwLLoilt

F- 41



'SNOTLIVY3IdO NOISSIW LYVILIS - NOILYISNI €°ON D/S

€ *ON D/S - IN3WND0Q NMOALINNOD 0L LNdNI NMOQLNNOD D/S LIWHNS

€ *ON D/S ¥O0d4 AQV3Y¥ ¥315009

€ °ON D/S NI NOILY3ISNI ¥Od4 AQVIY MNDVd INIWI¥3IdIX3 LHOI4

€°ON D/S 1¥0ddNS Ol AQV3IY¥ SWILSAS GNNOY¥YO NOISSIW/HONNVT

Q314 — €°ON D/S 40 LINOMND3IHD d04 TIYAVY ADVd LINIWIY3IHXI AILVINWIS
€ *ON D/S = 3DNVId3IDODOV WILSAS L4v¥D3IDVIS

€E°ON D/S =~ Q3L1IWANS ONIMVYYG 3DVIYIINI GVOTAVd Ol LNdANI

€ *ON D/S = 3IDNv1dIDDOVY WILSASANS TOYLINOD 3ANLILLIV/8VLS.

€ *ON D/S =~ (3L1IWENS ONIMVYAQ 3IDV4¥ILINI 3OV OL LNdNI

€ *ON D/S - 3IDNVIJIDOV W3LSASENS TOYINOD TVWHIHL

€ *ON D/S = 3IDONVLHIDOV WILSASENS 4Y/NOILVINIWNELSNI

£°0ON D/S - 1VAONAAV A¥OLD3rviyl OML NVWOY NOISSIW

€ °ON D/S — 3IDNVId3IDOV WILSASANS TWDIYLD3I13

€ *ON D/S - 3IDNVLdIDDOV WILSASENS I¥NLDONYILS

€ °ON D/S Q3L1LIWENS VLVA HOLOW NOISSIW VNI A

€ *ON D/S 1S31 SAS ¥04 DSWA LV J1ITAWOD LNONDIHD DV4/SAS ANO
€ *ON D/S 40 LNOMYD3IHD ¥O04 2319VIIVAY NOILVIS ANNOY¥O DSWA
JATLOIYIQ NOISSIW € °*ON LJ¥¥D3IDOVAS IA0dddY ANV IZIVNIA

€ *ON D/S = SLINIWININODIY TVDIIISWN ONIYIM INdNI
IVAOHAAY ¥03 #0ML NVWON( A¥OL1D3rvyil IVYNI4 1Iwens
T 3137dW0OD® 1¥0ddNS NOISSIW ANOD3S
€°ON D/S - VIVA A¥OLD3rvyl AYVYNIWII3dd 3IA13D3IY

€ °ON D/S - SINWD3Y NOISSIW QVOIAVd AYYNIWI134¥d 3ISv33y
SNOILVY3IdO NOISSIW LY¥VIS - NOILY3ISNI Z°ON D/S

2 *ON D/S =~ LN3WND0Q NMOGINNOD 0Ll LNdNI NMOQLNNOD D/S LIWSNS

Z °*ON D/S ¥04 AQV3¥ ¥31S008

Z *ON D/S NI NOILY3SNI 304 AQVIY MOVd LINIWIYIdX3I LHOIS

Z°ON D/S 1¥0ddNS 0L AQY3¥ SWILSAS ANNOYO NOISSIW/HONNVI

11314 — Z°ON D/S 40 LNOMDIHD ¥O04 TIVAV MDOVd INIWIYIAX3 A3LVINWIS
Z *ON D/S = 3DNVLdIDDOV WILSAS 14v¥D3IDVdS

Z2°ON D/S = Q3LLIIWENS ONIMYYA IDVJUILINI AVOIAVd OLl LNdONI

2 *ON D/S = Q311IWGNS ONIMVYYQ 3IDV4¥ILINI IOV OL LNdNI

2 °ON D/S = 3IDNVLIJ3DDOV W3LSASENS T0¥LINOD 3ANLILLIV/EV1S

Z *ON D/S = 3DNV.d3DDOV WILSASANS TOY¥INOD IVWYIHL

Z °ON D/S = YAQ¥ddM "AYOLDIrvydL S INO NVWOY NOISSIW

PeoN D/s5 -

COXLLeDly
8IXLLICOS L
ZOALLTONL
201LLT0OYC
ZOMILZTLL
9009212142
2os9L21e6l
90X9LTI1%E
OWILTTSC
#IX9LTIT11O
BOWILO18BIL
60WILOTTL
20¥9L018U
LOWSL60NC
OTW9L60LIL
90A9L609U
ZONSLE609C
80ON9L80¢EL
2099L.8090
01X9.8020
90¥9L9p52
£0A9L9010
01¥9LG0¢L0
0TA9LYQCy
t0X9L20 1y
olX9L1041l
EOA9LTQ6U
€0Ll9L10%0
EOMGL2T62
L00G6L2162
€0SGLZIET
LOXSGLTL19Z
GIXGLTITEC
LIWGLOTYZ
tIWsLOLEL
EQHGLTIUL
7IinGLOlo6U

¢ _*ON DO/S - 3DONVId3IDOV W3ILSASANS J4/NOILVINIWNYLSNI

F-42



3137dWOD WVY90dd

~ "3137dW0D 1¥0ddNS NOISSIW H1¥NOA4

SNOIL1VY¥3dO NOISSIW 1l¥VLIS - NOILY3ISNI %¥°ON O/S

% *ON D2/S = IN3WNDO0Q NMOJLNNOD 0Ol L1NdNI NMOQLINNOD O/S LIWHNS

% °*ON D/S ¥Od4 AQV3Y_d31500¢

% *ON D/S NI NOILY¥3SNI 04 AGV3IY dDVd bzwszmaxw 1HSIA

#*0ON D/S 130d4dNS 0L AQV3IY SW3LSAS ANNOYY NOISSIW/HONNVT

Q1314 - #°0ON D/S 40 1NOMNDIHD U0 -TIVYAV ADVd LINIWIH3IIX3 AILVINKWIS
: "% *ON D/S = 3DNVId3DDV WILSAS 14vydD3DOVdS

%°ON D/S - Q2L1IWENS ONIMVYA 3FOVHHTINI avOTlAVd OL LNdNI

# *ON D/S - 3IDNVId3IDOV W3ILSASENS TOYLNOD 3ANLILIV/EGVLS
% *ON D/S - (31LIWENS ONIMVYA JFOV4YILINI 39V OL LNdNI

% *ON D/S = 3IDNV1d3IDOV W3LSASHNS TOYLNOD TVWI3IHL

% *ON D/S = 3IDONVLdIADDOV WILSASHNS JY/NOILVINIWNYLISNI
H*ON D/S - IVAOYddY A¥OLO3Irvyl Oml NVWOY NOISSIW

. % *ON D/S - 3DNVId3DDV W3L1SASANS TVDOI1¥LD313

% *ON D/S = 3IDNVLId3IDDOV WILSASENS JdNLIDNALS

# *ON D/S Q3LLIWGNS VIVA YOLON NOISSIW TTVNIJ
# *ON D/S 1S3L1 SAS ¥0d DSWA 1V IJLITAWOD LNOADIHD DVvI/SAS ANO
% *ON D/S 40 1NOMD3IHD HO4 ATGVIIVAV NOILVIS ANNOYD OSKA
JATLD3IYIO NOISSIW % °*ON 14Y¥¥D3DVdS 3A0¥ddV ANV IZITVYNIA

% *ON D/S = SLIN3IWIYINOIY IWVIITIEWN ONIMIM LNdNI

H*ON D/S - IVAONdAY ¥0O4 #OML NVYWON( AY¥OLDIrviL TVYNI4 LIWENS
3137dWOD 1¥0ddNS NOISSIW QYIHL

#°0ON D/S - VIVC AYOLD3rvyl AYVNIWINIYd 3IAI3OSY
H°ON D/S - SLINWD3Y NOICSIW QVOIAVd AYVYNIWIT3dd ISvI3

002816062
TOABL9010
10X8L2019
LIX8LIOG L
TOABLTOET
10L8L10GY
LOMLLZTLE
S0DLLZTIL
105LL21LL
GOXLLLITZL

TOWLLTITYO
EIXLLITED

teOWLLOTYC
7OWLLGLLL
10¥LL0Tey
ZonwlleQec
SOWLLOLGY L
QOALL6GSO
LONLLO60GU

LONLLBOOL

109418050

60XLL80O1U .

S0¥LL90OYC
ZOALLICTU
60dLLS0C0
O0ALLYO LY

F- 43



SUMMARY

(To be used in preparation of Library-Card Abstract)

Preliminary designs of the Bioexplorer spacecraft, developed in an
earlier study program, are analyzed and updated to conform to a new speci-
fication which includes use of both the Scout and the Space Shuttle
Vehicle for launch. The new spacecraft design, referred to as Bioresearch
Module, is capable of supporting a variety of small biological experiments
in near-earth and highly elliptical earth orbits. Inboard profile drawings,
weight statements, interface drawings, and equipment lists are provided to
document the design. Considerable study is devoted to use of the Space
Shuttle Vehicle for launch and retrieval. It is shown that the Bioresearch
Module spacecraft is compatible with both Scout and the Space Shuttle
Vehicle, but that the latter requires additional on-board hardware for
launch support. A development plan is included to provide data for plan-
ning subsequent phases of the Bioresearch Module program.



